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PREFACE

TaE first edition of this manual was published late in 1889,
and the second early in 1892, both by the Rural Publishing
Company, publisher of the “ American Garden” and “Rural
New-Yorker.” The third edition, much remodeled, was pub-
lished by The Macmillan Co.,, May, 1895. The book has
been reprinted, February, 1896; May, 1897; August, 1898; Au-
gust, 1899; June, 1901; October, November, 1902; February,
1904; July, 1905; January, 1907; May, June, 1908; August,
1909. :

The old form of the book, under the title ¢ The Horticulturist’s
Rule-Book,” is now to be discontinued, having served its place
and day. So far as I know, it was the first compilation of its
kind in this country, and therefore it was very imperfect and
incomplete. The intervening years, covering nearly a quarter
century, have also seen a vast enlargement of the farmer’s hori-
zon, 8o that the little book that I prepared in my novice days can
no longer represent the situation.

I am sure that I have more misgiving in putting out this
larger and completer book than I had in the small first effort.
The field is wider, and therefore more difficult to cover; and
knowledge has grown so uninterruptedly that one knows scarcely
where to begin and what to compass. The only definite point is
where to end, for publishers fortunately set limits to sizes of
books; and when this limit was reached I discarded three or four
chapters and prepared the index.

For myself, I am conscious of the many good things that have
not been printed in the hook; but I hope that my consultant
—1I cannot expect to have a reader for a book of this sort —
will find some satisfaction in the things that are included. Every

366344



vi PREFACE

care has been taken to choose reliable sources of information,
but I can scarcely hope to have escaped errors; and of course
I cannot hold myself responsible for the value of the many
diverse varieties of information and advice that are here collected.
Any user of the book will do me a kindness if he reports to me
any error that he may discover. If the new book should meet
with the favor that fell to the old, I shall need these suggestions
in the making of new editions; but I ean hardly hope that
such continued favor will come to it, for this would mean that
the two would span a half century, and in these rapidly enlarg-
ing days this is too much to expect of any fascicle of facts.

I am indebted to many good persons for the information con-
tained in the book, as the names in the proper places testify ; but
I am specially under obligation to Professor A. R. Mann for

much ‘help. L H. BAILEY.

IrHACA, N.Y., September 1, 1011,
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FARM AND GARDEN RULE-BOOK

CHAPTER 1
THE WEATHER

Tre farmer lives with the weather. Therefore he should under-
stand it; and he should be able to follow the indications of the weather
maps, and should.be provided with good thermometers and barometers
of his own.

It is important that the thermometer should indicate the tempera-
ture correctly, and for this one must rely on the maker. Most reli-
able instrument-makers place the firm name on their instruments as
a guarantee of accuracy. When purchasing, it is therefore well to
see that the instrument bears the name of the maker. A reliable
thermometer of the ordinary pattern costs $1 to $3, depending on
the size and style of the case. Probably the most satisfactory instru-
ment for farm use is “ Six’s ” pattern of self-registering maximum
and minimum thermometers. This instrument is but little larger
than the ordinary thermometer, and arranged with two scales, one of
which shows the highest and the other the lowest temperature since
the instrument was “set.” To “set” the thermometer, the small
steel index in the tube is pulled down to the end of the column by a
magnet that accompanies the instrument. The current temperature
is indicated by this instrument in the same way as by the ordinary
thermometer. Thermometers that cost from 25 ¢ to 50 ¢ are usually
inaccurate through a part of the scale.

The same rule as to maker should be observed in the purchase of
an aneroid barometer, although there are probably.fewer worthless
barometers on the market than worthless thermometers. A good
aneroid barometer costs $10 to $ 15, depending on the size and make.
As these instruments depend for accuracy on the mechanical con-
struction, the cheaper grades are usually unsatisfactory. A pocket
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aneroid barometer (about the size of a watch) costs about $12.
These instruments are arranged -to determine elevations as well as to
give weather indications.

Mercurial barometers are more expensive, costing $25 to $40. As
the mercury in the column of a mercurial barometer changes its
length with changes of temperature just as the column of mercury
does in & mercurial thermometer, it is necessary to correct the read-
ing at each observation. Tables, giving the amount to be added or
subtracted from the reading for each degree of temperature, should
be secured when the instrument is purchased.

Thermometers should be exposed in the shade, and where there is
a free circulation of air. Barometers should not be exposed to full
sunshine for any great length of time. Any convenient place in the
house will give proper exposure for barometers. .

How to use the Weather Map
(Weather Bureau, U. 8. Dept. Agric.)

The first impression of a student of the weather maps, as they pre-
sent their seemingly endless forms and combinations of the temperature
and pressure lines, is often one of confusion. This feeling is likely
to be attended by one of discouragement, and the impulse to abandon
the task of seeking an underlying plan is more powerful with many
persons than the incentive, which depends upon curiosity, to know
what it all really means.

The storm-~tracks.

The storms of the United States follow, however, year after year a
series of tracks, not capricious, but related to each other by very well-
defined laws.

The positions of thege tracks have been determined carefully for
the United States by studies made in the Forecast Division of the
Weather Bureau, on the long series of maps that have been made during
the past twenty years. The track that the central point of a high area
or that the center of a storm follows in passing over the country from
west to east is laid down on individual charts, these are collected on
a group chart, and from this the average track pursued can be readily
described. The chart herewith (see fig. 1) shows the general result of
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a study of tracks of storms in the United States. It indicates that,
in general, there are two sets of tracks running westerly and easterly,
one set over the northwestern boundary, the Lake region, and the St.
Lawrence Valley; the other set over the middle Rocky Mountain dis-
tricts and the Gulf States. Each of these is double, with one for the
‘“highs ”” and one for the “ lows.” Furthermore, there are lines cross-
ing from one main track to another, showing how storms pass from one
to the other. The transverse broken lines show the average daily
movement. On the chart the heavy lines all belong to the tracks of
the “ highs,” and the lighter lines to the ‘“lows.” Let us trace them
somewhat in detail. A “ high”” appearing on the California coast
may cross the mountains near Salt Lake, and then pass directly over
the belt of the Gulf States to the Florida coast; or it may move farther
northward, cross the Rocky Mountains in the State of Washington, up
the Columbia River Valley, then turn east, and finally reach the Gulf
of St. Lawrence. The paths are determined by the laws of the general
circulation of the atmosphere and the configuration of the North
American continent. This movement of the * highs’ from the
middle Pacific coast to Florida or to the Gulf of St. Lawrence is con-
fined to the summer half of the year — April to September, inclusive.

In the winter months, on the other hand, the source of the *“ highs *
is different, though they reach the same terminals. In the months
October to March, inclusive, many * highs ”’ enter the United States
near the one hundred fiftieth meridian and move south along the
Rocky Mountain slope into the southern circuit, and thus reach the
South Carolina coast; or else they turn more abruptly eastward and
move in the northern circuit over the Lakes to Newfoundland. The
chief difficulty in the art of forecasting is to decide which of these paths
will be pursued and the probable rate at which the movement will take
place.

The weather map.

The daily maps of the Weather Bureau show stations in the United
States and Canada that make telegraphic reports of the weather each
day at 8 a. m. and 8 p. m., seventy-fifth meridian time. The reports
consist of ohservations of the barometer and thermometer, the veloc-
ity and direction of the wind, amount, kind, and direction of move-
ment of clouds, and amount of rain or snow, and the 8 a. m. reports
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are furnished to nearly one hundred stations of the Weather Bureau
for use in the preparation of maps and bulletins.

On the weather maps solid lines, called isobars, are drawn through
points that have the same atmospheric pressure, a line being drawn
for each one-tenth of an inch in the height of the barometer. Dotted
lines, called isotherms, are drawn through points that have the same
atmospheric temperature, a line being drawn for each ten degrees of
temperature. Heavy dotted lines are sometimes used to inclose areas
where decided changes in temperature have occurred during the pre-
ceding twenty-four hours. The direction of the wind at each station
is indicated by an arrow which flies with the wind. The state of the
weather — clear, partly cloudy, cloudy, rain, or snow — is indicated by
symbols. Shaded areas are used on the maps issued at Washington,
and at several stations, to show areas within which precipitation in
the form of rain or snow has occurred during the preceding twelve
hours. The tabular data give details of maximum and minimum
temperatures, and 24-hour temperature changes, wind velocities, and
amount of precipitation during the preceding twenty-four hours. The
text printed on the maps presents forecasts for the state and the sta-
tion, and summarizes general and special meteorological features that
are shown by the lines, symbols, and tabulated data.

The weather indications. .

The centers of areas of low barometric pressure, or general storms,
are indicated on the map by the word ‘low,” and the centers of
areas of high barometric pressure by the word  high.” The gen-
eral movement of ‘ lows ”’” and ‘‘ highs ”’ in the United States is from
west to east, and in their progression they are similar to a series of
atmospheric waves, the crests of which are designated by the * highs ”’
and the troughs by the ‘“lows.” These alternating * highs” and
“lows ” have an average easterly movement of about six hundred to
seven hundred miles a day. The ‘“ lows ”” usually move in an easterly,
or north of east, direction, and the * highs ”’ in an easterly, or south
of east, direction.

In advance of a “low ” the winds are southerly or easterly, and
. are, therefore, usually warmer. When the “low ” passes east of a
place, the wind shifts to westerly or northwesterly with lower tempera-
ture. The eastward advance of “ lows ”’ is almost invariably preceded
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and attended by precipitation in the form of rain or snow, and their
passage is usually followed by clearing weather. The temperature on
a given parallel west of a “low” may be reasonably looked for on
the same parallel to the east when the “low’” has passed, and when
the night is clear and there is but little wind, frost is likely to occur
along and north of an isotherm of 40°. A “low” is generally
followed by a “high,” which in turn is followed by another *low.”

By bearing in mind the usual movements of ‘“lows” and ‘‘highs”
and the general conditions referred to that attend them, coming
weather changes may be frequently foreseen. ‘Lows” often move
south of east from the Rocky Mountains to the Mississippi Val-
ley, and then change direction to north of east. “ Lows” of tropi-
cal or subtropical origin often move in a westerly direction to our
south ‘Atlantic and Gulf coasts, and then recurve to the northeastward.
The centers of “ lows ” do not as a rule cross isotherms, but generally
follow the general trend of the isothermal lines. Cold waves are
always accompanied by, and forerun, * highs.”

When isotherms run nearly east and west, no decided changes in
temperature are likely to occur. When isotherms directly west of a
place incline from northwest to southeast, the temperature will rise;
when from northeast to southwest, the temperature will fall.

Southerly to easterly winds prevail west of a nearly north and south
line passing through the middle of a * high,” and also east of a like
line passing though the middle of a “low.” Northerly to westerly
winds occur west of & nearly north and south line passing through the
middle of a ‘“ low,” and also east of a similar line passing though the
middle of a * high.” ,

An absence of decided and energetic “ lows ”” and ‘“ highs ”’ indicates
that existing weather conditions will continue until later maps show
a change, which usually appears in the west.

Weather Bureau Forecasts

Forecasts of the weather expected during the ensuing thirty-six
hours are issued by the United States Weather Bureau daily at about
10 A.m. and 10 p.M. and are distributed to all parts of the country,
by telegraph, telephone, mail, and by means of flag and whistle signals.

Nearly all ‘telephone companies codperate or are willing to coperate
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with the Weather Bureau in making the information available to the
public in general. It is thus possible to obtain the official weather
forecast by calling the central exchange of almost any telephone one

may be using.
Signals of the United States Weather Bureau.
Flag Signals (Fig. 2)

nE WSE SO
Fiu. 2. — United States f.ag signals.

No. 1, square white flag, alone, indicates fair weather, stationary tem-
perature.

No. 2, square blue flag, alone, indicates rain or snow, stationary tem-
perature.

No. 3, square, white above, blue below, alone, indicates local rain,
stationary temperature.

No. 4, triangular black, refers to temperature.

No. 5, square white, with black center, cold wave.

No. 1, with No. 4 above it, indicates fair weather, warmer.

No. 1, with No. 4 below it, indicates fair weather, colder.

No. 2, with No. 4 above it, indicates warmer weather, rain or snow.

No. 2, with No. 4 below it, indicates colder weather, rain or snow.

No. 3, with No. 4 above it, indicates warmer weather with local rains.

No. 3, with No. 4 below it, indicates colder weather with local rains.

No. 1, with No. 5 below it, indicates fair weather, cold wave.

No. 2, with No. 5 below it, indicates wet weather, cold wave.

Whistle Signals

The warning signal, to attract attention, will be a long blast of
from fifteen to twenty seconds’ duration. After this warning signal
has been sounded, long blasts (of from four to six seconds’ duration)
refer to weather, and short blasts (of from one to three seconds’ dura-
tion) refer to temperature; those for weather to be sounded first.
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BrasTs INDICATR
Onelong . . . . . . . . . Fair weather.
Twolong . . . . . . . . . Rain orsnow.
‘"Threelong . . . . . . . . Local rains.
Oneshort . . . . . . . . Lower temperature.
Twoshort . . . . . . . . Higher temperature.
Threeshort . . . . . . . . Cold wave.

Interpretation of Combination Blasts

One long, alone . . . . . Fair weather, stationary temperature.
Two long, alone . . . . .. Rain or snow, stationary temperature.
One long and short . . . . Fair weather, lower temperature.
Two long and twoshort . . . Rain or snow, higher temperature.
One long and three short . . Fair weather, cold wave.

Three long and two short . . Local rains, higher temperature. _

By repeating each combination a few times, with an interval of ten
seconds between, possibilities of error in reading the forecasts will be
avoided, such as may arise from variable winds, or failure to hear the

warning signal.
Canadian signals (Fig. 3)

vA$$

Fla 3. — Canadla.n storm warnings.

No. 1, gale at first from an east~-  No. 3, heavy gale at first from

erly direction. an easterly direction.
No. 2, gale at first from a west- No. 4, heavy gale at first from
erly direction. a westerly direction.

The night signal corresponding to Nos. 1 and 3 is a red light. .
Night signal corresponding to Nos. 2 and 4 is a white light above &
red light.
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Barometer and Wind Indications
(W. M. Wilson)

The mercurial barometer is the instrument used for all observations
when great accuracy is required, but an aneroid barometer is more
convenient, less liable to injury, and will answer all practical purposes.

Attention need not be given to the legends fair, changeable, stormy,
etc., that usually appear on the face of the instrument, because
changes in pressure are much more important indications of approach-
ing weather than the actual pressure at a given time.

To forecast the weather accurately, the force and direction of the
wind should always receive equal consideration with the changes of
pressure a8 indicated by the barometer.

The following general statements may aid in showing the relation of
wind, pressure, and weather : —

The atmosphere may be compared to an ocean of air that rests
upon the earth just as the water rests upon the bed of the oceans.
There are great currents of air in the atmosphere, just as there are
great currents or rivers of water in the oceans.

Storms are eddies in the atmosphere, and float along in the currents
or rivers of air very much like the eddies often seen floating on the
surface of a river.

All of the United States and Canada, except the southern part of
Florida, lies at the bottom of a great river of air that flows from west
to east around the world with the north-pole at the center. It is
called the circumpolar whirl. And as the storms in this latitude
are eddies in the north-circumpolar whirl, they float along from west
to east in the current of this river of air.

The air always whirls about the center of every storm-eddy in the
same direction — counter-clock-wise in the northern hemisphere and
clock-wise in the southern hemisphere. Therefore, if a storm-eddy in
the latitude of the United States is approaching, the winds will first
be from a southerly direction, and when the center of the storm has
passed, the wind will come from a northerly direction.

If the center of the storm passes north of the observer, the wind will
change from S.E. to S., then to S.W., and finally to W. or N.W. as
the storm passes on its way eastward.

If the center of the storm passes south of the observer, the wind
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will start in from the S.E. and gradually “ back ” to the N.E,, then
to the N. and finally to the N.-W.

To locate the center of the storm, stand with your face squarely
to the wind, and extend your arms from your sides. Your right hand
will then point in the direction of the center of the storm. For exam-
ple, if one faces a wind from the south, his extended right hand will
point toward the west ; if one faces a west wind, his extended right hand
will point north.

A study of the daily weather maps, printed in many daily papers,
will be of much help in becoming familiar with the movements of these
storm-eddies.

The pressure of the atmosphere at the center of the storm-eddy
is always less than at a distance from the center; therefore, as the
storm approaches, the pressure will decrease and the barometer ‘will
fall. Thus a falling barometer indicates the approach of a storm-
eddy, and the direction of the wind will give approximately the
location of the center.

If the barometer is falling and the wind square from the south, the
indications are that the storm is approaching from the west and will
probably pass near the observer.

If the barometer is falling and the wind from the southwest, the
center of the storm will probably pass north of the observer.

If the barometer is falling and the wind N.E., the center of
the storm is approaching from the southwest, and will probably
pass south of the observer. If the barometer is rising and the wind
S.W. to W, the center of the storm will pass north of the observer, and
clearing weather follow soon.

The following barometer and wind table is condensed from Pro-
fessor Garriott’s more extended compilation, and is the result of many
years of study and experience : —

Barometer steady; wind, SSW. to N.W.; fair weather, with slight
changes in temperature for 1 or 2 days.

Barometer falling slowly; wind, S.W. to N.W.; warmer, with rain
in 24 to 36 hours.

Barometer falling rapidly; wind, S.W. to N.W.; warmer, with rain
in 18 to 24 hours.

Barometer falling slowly; wind, S. to S.E.; rain within 24 hours.
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Barometer falling rapidly; wind, S. to S.E.; wind increasing in
force with rain within 12 to 24 hours.

Barometer falling slowly; wind, S.E. to N.E.; rain in 12 to 18 hours.

Barometer falling rapidly; wind, S.E. to N.E.; increasing wind
and rain in 12 hours.

Barometer falling rapidly; wind, E. to N.E.; in summer rain
probable within 24 hours; in winter rain or snow with increasing
winds, probably continuing 24 to 48 hours.

Barometer rising slowly; wind, S. to S.W.; clearing and cooler
within a few hours, and probably continued fair weather for several
days.

Barometer rising rapidly; wind, 8. to W.; clearing and ‘cooler.
In winter cold wave probable. .

Should the barometer continue low when the sky becomes clear,
expect more rain within 24 hours. (C. L. Prince.)

Rapid changes in the barometer indicate early and marked oha.nges
in the weather. (E. B. Garriott.)

If the thermometer and barometer rise together,
It is a very sure sign of coming fine weather.

If the barometer falls two or three tenths of an inch in four hours,
expect a gale of wind. (C. L. Prince.)

In summer, when the barometer falls suddenly, expect thunder-
storms; if it does not rise again when the storm ceases, there will
be several days of unsettled weather.

The barometer falls lower for high winds than for heavy rains.

Popular Weather Signs (Wilson)

When it is evening, ye say, It will be fair weather: for the heaven
is red. And in the morning, It will be foul weather to-day: for the
heaven is red and lowering. — Malthew, xvi, 2, 3, Rev. version.

When ye see a cloud rising in the west, straightway ye say, There
cometh a shower; and so it cometh to pass. — Luke, xii, 54, Rev.
version.

After fine, clear weather the first signs in the sky of coming changes
are usually light streaks, curls, wisps, or mottled patches of white,
distant clouds, which increase and are followed by an overcasting
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of murky vapor that grows into cloudiness. Usually the higher and
more distant the clouds seem to be, the more gradual but general
the coming change of weather will prove. — Fitzroy.

If cirrus clouds form in fine weather with a falling barometer, it
is almost sure to rain. — Howard.

If cirrus clouds dissolve and appear to vanish, it is an indication of
fine weather. — Garriott.

When cloud streamers point upward, the clouds are falling or de-
scending, and rain is indicated ; when cloud streamers point downward,
the clouds are ascending, and dry weather is indicated. — Garriott.

Clouds flying against the wind indicate rain.

If in hot weather two strata of clouds appear to move in opposxtc
directions, thunderstorms are indicated.

Well-defined cumulus clouds forming a few hours after sun-rise,
increasing toward the middle of the day, and decreasing toward even-
ing are indicative of scttled weather ; if instead of subsiding in the even-
ing, leaving the sky clear, they keep increasing, they indicate wet
weather. — Jenyms.

Birds fly high in fair weather and low in foul weather. The expla-
nation is that in fair weather the barometer is usually high, the air
heavier and denser and capable of sustaining a given weight at a
greater elevation than when less dense during the passage of a storm.

Frosts, and Methods of Protection

How frost forms (Wilson).

In the day, plants usually receive more heat from the sun than they
give off (radiate), and consequently become warmer; but at night the
process is reversed, and they radiate more heat than they receive and
thus grow colder. When the surface of a plant has lost (radiated)
sufficient heat to cause its temperature to fall to 32° or below, frost
forms. Any condition that causes increased radiation will increase the
liability of frost, and conversely, whatever checks radiation or supplies
additional heat to the air will tend to ward off frost.

A clear night is favorable for frost because radiation or loss of heat
from the surface of the earth proceeds most rapidly under a clear sky.
Clouds act as a blanket. The heat rays do not penetrate them easily,
but are reflected back toward the earth, thus checking radiation by
confining the heat to the strata of air between the earth and the clouds.
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A quiet air is favorable for frost. Radiation proceeds more rapidly
from the surface than from the air above the surface. This is shown
by the fact that a thermometer placed in the grass on a quiet, clear
night will read 10° or even 15° below one suspended three or four feet
above the surface. If there is much wind, this difference will not occur,
because the wind mixes the colder air at the surface with the warmer
air above, thus giving a more uniform temperature.

A moderately dry atmosphere is favorable for frost, because when the
air is humid only a slight fall of temperature will occur before the
temperature at which dew begins to form (dew-point) is reached, and
when the vapor in the air begins to change into water (dew), the heat
that was used originally to change the water into vapor is no longer
required and is said to be liberated, and tends to raise the temperature
of the air, or at least to retard the fall.

The effect of the liberation of heat in the process of the formation of
dew may be appreciated when it is said that the heat added to the air
in the formation of a pint of dew is sufficient to raise the temperature
of more than five pints of water from the freezing to the boiling point.

Under ordinary conditions, when the dew-point is 10° or more
above the frost-point, 32°, a frost is not likely to occur, but if the
dew-point approaches 32°, frost is likely to occur.

In a cranberry marsh near Mather, Wis., during the season of 1906,
Cox found that the minimum temperature averaged 8.2° below the
temperature of the dew-point as observed the previous evening, and
in extreme cases the difference was as much as 20° and 22°. On
a marsh near Berlin, Wis., on the night of September 27, 1906, at
11 p.M. the dew-point was found to be 43° yet frost began to form
in parts of the marsh at 1p.M. when the temperature had fallen to
28°; frost became general at 2 a.m., and the following morning a
minimum temperature of 24.4° was observed.

The dew-point of the previous evening cannot, therefore, be regarded
a8 a safe guide for the minimum temperature of the following night.

The chief value of dew-point observations of the previous evening
appears to be in the fact that they indicate the temperature at which
the heat from the condensing vapor will begin to be poured into the
air, and if this temperature is much above the frost-point, this addition
of heat may be reasonably expected to check the fall of temperature
and thus ward off a frost.
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To find the dew-point.

The dew-point is determined by the wet- and dry-bulb thermometer
(or psychrometer). The instrument may be made as follows: For the
frame find a board eighteen inches long, two inches wide, and one half
inch thick ; bore a hole in one end so as to hang the apparatus on a
nail when not in use. Get two all-glass thermometers with cylindrical
bulbs, and the degrees Fahrenheit engraved on the stem. Cover the
bulb of one thermometer with a thin piece of cotton cloth, fastening it
securely by a thread. When this cloth covering is wet with water and
exposed to evaporation in the air, it constitutes the ‘ wet-bulb ther-
mometer ”; the other thermometer has no covering on its bulb, is not
wet at any time, and constitutes the “ dry-bulb thermometer.” .

The range of temperature of the open air in the following table is
from 36° Fahrenheit to 75° Fahrenheit, and of depression of tempera~
ture in the wet bulb, from 1° to 13° Fahrenheit, giving a range in
both directions of sufficient scope for the needs of northern farmers
during the growing season. The temperature of the dry-bulb (or open-
air temperature) is found in the left-hand column of the table; the
difference in degrees between the readings of the dry- and wet-bulb
is entered in the horizontal line at the top, from 1° to 13°. To find
the temperature of dew-point at any observation, find in left-hand
column the temperature of dry-bulb, then follow the horizontal line
opposite that figure till you reach the perpendicular column under the
difference between dry- and wet-bulb readings, and the figures at the
meeting of these two columns will give the temperature of dew-point.
For example, suppose the dry-bulb stands at 65° and wet-bulb at 55°:
the difference is 10°. Pass across the page in the line of 65° till you
intersect the vertical column under 10°, and you read 47°, which is dew-
point under these conditions. If the dew-point is 10° or more above
frost-point (32° Fahrenheit), there is little danger of killing frost; but
if the dew-point is less than 10° above 32°, danger may be apprehended.
If a line is drawn from the intersection of 43° — 1° and ©7° — 13°,
of the table, this may he called the danger line, and all dew-point
temperatures below this line indicate danger of frost, and are printed
in italics. This margin of 10° is taken because the temperature on a
still night will often sink several degrees below the first dew-point,
and the temperature of the air at five feet above the ground is
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several degrees above that at ground level. For these reasons
combined, & margin of 10° may be safely assumed as the limit of
safety.

Table for determining the lcmpera!ure of dew-point from the readings of the dry-buld
thermometers (Hazen)

] 5 Dxrrussion or THE War-suLB TEERMOMDTER
=3
?
g é 1° | 8 4° 5 | 6° 7° 8° 9 | 10° | 11° | 1%° | 18°
75°( 74 | 72 | 71 | 60 | 68 | 66 | 64 | 63 | 61 | 69 | 57 | 56 | 54
74°( 73 | 71 | 70 | 68 | 67 | 65 | 63 | 62 | 60 | 58 | 56 | 54 | 52
73°( 72 {70 | 69 | 67 | 66 | 64 | 62 | 61 | 59 | 67 | 66 | 63 | b1
72°| 71 | 69 [ 68 | 66 | 64 | 63 | 61 | 50 | 68 | 566 | 64 | 62 | 50
71°1 70 | 68 | 67 | 65 | 63 | 62 | 60 | 58 | 56 | 56 | 53 | 51 | 48
70°| 69 | 67 | 66 | 64 | 62 | 61 | 59 | 67 | 65 | 63 | 61 | 49 | 47
69°| 68 | 66 | 64 | 63 | 61 | 59 | 68 | 56 | 64 | 52 | 50 | 48 | 46
68°| 67 | 66 | 63 | 62 | 60 | 68 | 57 | 65 | 53 | 51 | 49 | 46 | 44
67°| 66 | 64 | 62 | 61 | 50 | 57 | 55 | 64 | 62 | 50 | 47 | 45 | 43
66°| 64 | 63 | B1 | 60 | 58 | 56 | 54 | 52 | 50 | 48 | 46 | 44 ’
65°| 63 | 62 | 60 | 59 | 57 | 55 | 563 | 51 | 40 | 47 | 45 | 42 | 4
64°| 62 [ 61 | 50 | 657 | 56 | 64 | 52 | 50 | 48 | 46 | 43 40
63°) 61 | 60 | 58 | 56 | 55 | 53 | 51 | 40 | 47 | 44 | 42 | 41 | 88
62°1 60 | 69 | 67 | 66 | 563 | 52 | 50 | 48 | 45 | 43 89 | 87
61°| 59 | 68 | 56 | 64 | 52 | 50 | 48 | 46 | 44 | 42 | 41 | 88 | &
60°| 58 | 57 | 55 | 53 | 51 | 49 | 47 | 45 | 43 89 | 86 | 88
59°| 57 | 656 | 54 | 52 | 50 | 48 | 46 | 44 40 | 88 | 8 | 8¢
58°| 56 | 656 | 563 | 51 | 49 | 47 | 45 | 42 | 41 | 89 | 36 | 88 | 80
57°| 55 | 64 | 52 | 50 | 48 | 46 | 44 8”7 | 8 | 81 | 28
56°| 54 | 53 | 51 | 49 | 47 | 44 | 42 | 41 | 39 | 36 | 33 | SO | 26
55°| 63 | 52 | 60 | 48 | 46 | 43 40 | 87 | 84 | 31 | 28 | 25
54°| 52 | 50 | 49 | 46 | 44 | 42 | 41 | 39 [ 36 | S8 | SO | 27 | &S
53°| 51 | 49 | 47 | 45 | 43 40 | 87 | 84 | 81 | 28 | 85 | 20
52°| 50 | 48 ( 46 | 44 | 42 | 41 | 38 | 96 S | 27 | 83 | 18
51°| 49 | 47 | 45 | 43 40 | 87 | 84 | 31 | 28 | 265 | 81 | 16
50°1 48 | 46 | 44 | 42 | 41 | 88 | 86 | 83 | S0 | 27 | 28 | 19 | 14
40°) 47 | 45 | 43 40 | 87 | 84 | 81 | 28 | &5 | 21 | 17 | 11
48°| 46 | 44 | 42 | 41 | S8 | 36 | 83 | S0 | 27 | 28 | 19 | 14 9
47°| 46 | 43 40 | 87 | 86 | 32 | 29 | 85 | 22 | 17 | 1® 8
46°| 44 | 42 | 41 | 89 | 86 | 83 | SO | 27 | 24 | 20 | 16 | 10 8
45°| 43 40 | 87 | 85 | 82 | 29 | 26 | 22 | 18 | 18 71~
44°| 42 | 41 | 89 | 86 | 88 | 30 | 27 | 24 | 20 | 16 | 11 416
40 | 87 | 85 | 32 | 29 | 26 | 28 | 19 | 14 8 11|-9
43°| 41 | 839 | 86 | 84 | 81 | 28 | 25 | 21 | 17 | 128 6 | -2 |-16
42°| 40 | 88 | 85 | 88 | 29 | 26 | 28 | 19 | 16 9 S | 6 |-22
41°| 89 | 86 | 34 | 81 | 28 | 25 | 22 | 17 | 18 7 0 |-11 |-32
40°| 88 | 35 | 83 | 80 | 27 | 24 | 20 | 16 | 11 -4 |-16 |-74
39°| 87 | 84 | 32 | 29 | 26 | 22 | 18 | 14 8 2 | -8 |-28
38°| 86 | 83 | 81 | 28 | 24 | &1 | 17 | 12 -1 |-12 |-86
37°| 8 | S2 | 29 | 26 | 23 | 19 | 16 | 10 4 | -6 |-17
36°)| 34 | 81 |28 | 25 | 22 | 18 | 18 8 1|-8 |8
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Methods of protection against frost (Wilson).

Protection against frost is not only possible, but practicable. The
method to be employed depends on the kind of crop, the expense its
value will justify, and the facilities at hand. But whatever method
is chosen, it must be carried out systematically, intelligently, and with
thoroughness if satisfactory results are to be obtained.

Progressive cranberry growers resort to three expedients to ward
off light frosts, aside from flooding, which is practiced in the spring and
autumn and also when exceptionally severe frosts are expected. These
methods are cultivation, drainage, and sanding. By cultivating the
marsh and keeping it free from weeds, moss, and other vegetation, the
heat from the sun more easily penetrates the soil, and there is, there-
fore, more heat to be given off when needed to prevent frost during
the night. Good drainage decreases the effect of cooling by evapora-
tion, and a dry soil becomes warmer under sunshine than a wet soil,
and therefore radiates heat more freely into the air at night when
needed to ward off frost. A covering of sand lowers the specific heat
of the soil, and thus stores up a large amount of heat during the day to
be given to the air at night. In the Cape Cod marshes it is the prac-
tice to spread about half an inch of sand over the surface of the marsh
each year. These methods, when systematically and carefully carried
out, are usually effective in warding off light frosts that are liable to
occur between early spring and autumn.

Smudging has been practiced for many years in the trucking sections
of the Southwest, as well as in the fruit-growing districts of California
and Florida. The object is to cover the garden or orchard with a
thick blanket of smoke and vapor, with a view to checking radiation.
The success of this method depends upon the care and thoroughness
with which it is carried out. The cloud of vapor or smoke must cover
the garden or orchard, and be dense. A thin blanket will not be suffi-
cient. The fire should be huilt on the windward side of the orchard,
and such material used as damp straw, prunings, manure.

If the fire burns briskly, it may be sprayed with water to increase
the cloud of vapor.

Portable smudges have superseded the stationary smudge in many
places. They possess the advantage of being moved from place to
place, thus overcoming the effect of a change of wind, which often ren-
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ders the stationary smudge ineffective. Any sort of a fire-box that
can be placed on a stone-boat or sled will answer the purpose.

The most effective method, and the one now practiced by the large
fruit-growers of Colorado and California, is the distribution of a large
number of small fires, about forty to the acre, throughout the orchard.
In this case dependence is placed in the direct heat given off by the fires
as well as in the cloud formed from the smoke. Coal is the fuel most
generally used in California, while oil is coming into use in Colorado.-
When coal is used, it is the practice to suspend wire baskets
a few feet from the ground, containing ten to twenty pounds of
coal, which is lighted when frost threatens. Forty such baskets
will raise the temperature of the orchard three or four degrees.
The cost depends upon the price of the fuel. In California a ton
of soft coal that costs $2.50 was considered sufficient for one acre
each night.

Some orchardists have replaced the coal baskets with oil burners.
This method is more expensive to install, as the burners are more
costly than the baskets, and tanks must be provided for the storage of -
the oil ; but it is said to be much more convenient, and quite as efficient.
At the Hamilton fruit ranch, near Grand Junction, Col., the
temperature in an orchard of twenty acres was maintained at 33°
by the use of oil burners, while & minimum temperature of 27°
was registered in surrounding localities. The cost of the protec-
tion of this orchard for four nights when frost occurred in the vicinity
was approximately ten per cent of the value of the crop. Methods
less systematic than the above are usually disappointing. (For
another discussion, see Paddock and Whipple, ‘* Fruit-Growing in Arid
Regions.”)

Phenology

Phenology (contraction of phenomenology) is that science which con-
siders the relationship of local climate to the periodicity of the annual
phenomena of nature. It usually studies climate and the progression of
the seasons in terms of plant and animal life, as the dates of migrations,
of blooming, leafing, ripening of fruit, defoliation, and the like. If
observations are to have permanent value, they must be taken with a
definite purpose. The particular objects of phenological obser-
vations are the following: —

c
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1. To determine the general oncoming of spring. .
2. To determine the fitful or variable features of spring.
3. To determine the epoch of the full activity of the advancing
season.
To determine the active physiological epoch of the year.
To determine the maturation of the season.
To determine the oncoming of the decline of fall.
To determine the approach of winter.
To determine the features of the winter epoch.
To determine the fleeting or fugitive epochs of the year.

©0NS o

Good phenological observations upon plants should satisfy the fol-
lowing tests, as given by Hoffmann: —

1. They should represent as broad a distribution as possible of the
given species, selected for observation.

2. Ease and certainty of identifying the definite phases which are
to be observed.

3. The utility of the observations as regards biological questions,
such as the vegetative periods, time of ripening, etc.

4. Representation of the entire vegetation period.

5. Consideration of those species which are found in almost all
published observations, and especially of those whose development is
not influenced by momentary or accidental circumstances, as is the
dandelion.

The epochs of vegetation that should be observed for most pheno-
logical purposes are these: —

1. Upper surface of the leaf first visible or spread open.
2. First blossoms open.

3. First fruit ripe.

4. All leaves, or more than half of them, colored.

Typical and average plants should always be selected for observa-
tion, and they should be few in number. A dozen well-selected species .
will afford more satisfactory records year by year than observations
made at random upon a great variety of plants. For the sudden moods
of spring, the peach and dandelion are useful for observation, but such
plants — those which respond quickly to every fitful variation of the
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early season — are not reliable for the staple records of the years,
Useful plants for study are the following: —

Apple. Cultivated Strawberry.
Pear. Lilac.

Quince. Mock Orange (Philadelphus).
Plum. Horse Chestnut.

Sweet Cherry. Red-pith Elder.

Sour Cherry. Common Elder.

Peach. Flowering Dogwood.
Choke Cherry. Native Basswood.
Wild Black Cherry. Native Chestnuts.
Japanese or Flowering Quince.  Privet or Prim.
Cultivated Raspberry. Red Currant.
Cultivated Blackberry. Cultivated Grape.

Climate and Crop Production; keeping Records (Wilson)

Every farmer understands that a very intimate relation exists be-
tween climatic conditions — the average temperature, rainfall, and
sunshine — and the growth of plants ; but not all farmers appreciate
the full significance of the climatic factor in crop production.

An officer of a state college of agriculture recently asked five members
of the faculty to assign respective values to the three main factors
affecting the average yield of corn under the climate of the forty-
second parallel. The factors considered were: soil, including texture,
fertility, and cultivation ; climate, including temperature, rainfall, and
sunshine ; and seed. The average of the five estimates on the basis
of 100 were for soil, 46; climate, 36; and seed, 17. Three out of the
five gave to climate a value of 40, one 35, and one 25, and two out of
the five gave climate and soil equal values.

If these estimates are near the truth, it becomes apparent that
climate is nearly, if not quite, as important a factor in crop pro-
duction as soil, and much more important than seed; yet it receives
but scant attention from the average agriculturist, probably because
climate, unlike soil and seed, is beyond the control of man.

The weather is a variable factor, because it changes from day to day,
from week to week, and from season to season. But climate is a per-
manent factor ; for climate, which is the average of all the weather,



20 THE WEATHER

does not change, except possibly through long geological periods.
When the climate of a locality has been once determined, it may be
counted on absolutely. What the climate is for this generation it will
be for the next, and the next, so far as we can see. It could not be other-
wise, for climate in the large is the result of the sun’s heat, modified
by the topography of the earth’s surface — the mountains, the valleys,
the oceans; and “so long as the sun shines with his accustomed
vigor and the hills and the seas abide in their places,” so long will
the climate of every locality remain unchanged. The fact that crops
now are grown successfully in what are considered arid regions, and
are being pushed farther and farther into the frosty north, has been
cited in support of the contention that the climate is changing ; but
these changes in the area of successful production have not been
brought about by an increase of rainfall on the one hand, or of
temperature on the other, but by new methods of cultivation and
seed selection, and better adaptation of human practices to natural
conditions.

‘We may rely, therefore, upon the permanency of the climatic factor
in crop production. The weather may vary by a small margin from
year to year, or from one season to the next, but the average tem-
perature, rainfall, and sunshine for so short & period as ten years will
depart so little from the true normal climate that the departure may
be neglected in actual practice.

Climatic records compiled by the Weather Services.

As it requires about ten years of careful observation to determine
spproximately the average or normal temperature of a locality, and
perhaps twenty years to determine the normal rainfall, few farmers
would feel that they had the time or skill to devote to so serious an
undertaking ; nor is it necessary that they should. This work has been
done already in the United States, and with great accuracy and care.
The Weather Bureau of the United States Department of Agriculture
has collected and tabulated all records of temperature and rainfall
that have been made in the United States. Some of these records
cover a period of more than a hundred years, many of them more than
fifty years, and the work still is going on. At present, observations
are being made at about 4000 places. With this number of records,
distributed more or less evenly over the entire country, it is possible
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to determine very accurately the normal temperature and rainfall
for almost any locality in the United States.

A similar system is in operation by the Canadian Government, and
information as to the climate of almost any inhabited locality in the
Canadian provinces may be had on application to the Director of the
Canadian Meteorological Service, Toronto.

The data are usually compiled by months. For example, the normal
temperature and rainfall by months for Ithaca, N.Y., are as follows:
Normal or average temperature, 31 years record: January, 24°;
February, 25° ; March, 32°; April, 44°; May, 57°; June, 66°;
July, 71° ; August, 68° ; September, 61° ; October, 50° ; November,
38° ; December, 28° ; Annual, 47°. Normal or average precipitation
in inches and hundredths of inches, including melted snow: January,
2.07 ; February, 1.84 ; March, 2.42 ; April, 2.30 ; May, 3.39 ; June,
3.73 ; July, 3.51 ; August, 3.06 ; September, 2.89 ; October, 2.96 ;
November, 2.50 ; December, 2.30 ; Annual, 32.97.

These values would be considered approximately correct for a radius
of twenty to fifty miles, depending principally on the topography,
whether mountainous or level, and the proximity of large bodies of
water and the prevailing wind direction. It is recognized that there
may be an appreciable difference between the climate of a valley and
that of an adjacent hill, or, on account of differences of soil character,
between one farm and another in the same locality. Such local va-
riations are usually small, although important, particularly in such
matters as air drainage and frost, and can be determined only by
observations made on the spot. The averages, compiled by the
Weather Bureau, include observations made on hill-tops as well as in
valleys, and, therefore, represent strictly average conditions. They
have been carefully computed, and may be relied upon with confidence.

How climatic data may be secured.

The Climatological Service of the U. S. Weather Bureau is organ-
ized by sections, each section embracing a single state, except in the
case of some of the smaller states, which are included in one section.
The New England States make up one section ; also Delaware, Mary-
land, and the District of Columbia. The work of each section is under
the supervision of a section director, in whose office are kept all records
pertaining to his section. The accompanying list gives the city in
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which the office of each section director is located, and the section
under his charge. A request for climatic data should show clearly
(1) the locality for which the data are desired, and (2) the character
of the data, and should be addressed, Section Director, Local Office,
Weather Bureau, followed by the appropriate city and state: —

Crry 8ecrioN Crry SecrioNn
Atlanta . . Geo! ouisville . . . . . Kentucky
Atlantic Clty . New Jersey Milwaukee . . . . . ‘Wisconsin
Baltimore . . Maryland and Del i polis . . . . Minnesota
Bismarck . . . North Dakota Mon Alabama
Boise . Idaho Nashville . . . . . Tennessee
Boston . New England New Orleans
Cheyenne . Wyoming Oklahoma . . . . . Ol
Chi . Illinois Parkersburg West Virginia
Columbia . Missouri Philadelphia ennay!
Columbus . . . Ohio Pheenix . . . . . .

Denver . . . Colorado Portland . . . . . Oregon
(l‘)“nl:liomd.' . {&;ﬂ Raleigh . . . . . . gorth Carol
Grand Rapi ichigan Remo, . . . . . . e
Helena . . . Montana Riochmond . . . . . Vi
. Hawaii Salt Lake City U
e: San . Call
Huron South Dakota SanJuan . . . . . Porto Rioo, W. I
ndianapol iana SantaFe . . . . . New Mexico
New York Seattle . . . . . . n
Jacksonville orida %) field . . . . . Illinois
Lincoln ebraska @ | Topeka . . . . . .
Little Rock Arkansas Vicksburg . . . . . Mississippi

Probably the most important information for the general farmer
concerning the climate of his locality is the average temperature and
rainfall by months, but the following data are available for practically
all parts of the United States, having been compiled in 1906 and
published in Bulletin Q, to which reference should be made when mak-
ing request : Temperature by months ; mean or average ; mean.of
maxima ; absolute maximum ; mean of minima ; absolute minimum ;
highest monthly mean ; lowest monthly mean ; precipitation, includ-
ing melted snow ; mean or average ; number of days with .01 inch
(one hundredth of an inch) or more ; total amount for the driest year ;
total amount for the wettest year; dates on which the extreme tem-
peratures for the locality occurred. For northern states the dates
are given generally when the minimum temperature fell to -10° (10°
below zero) or below, and the maximum rose to 90° or above; for
southern states, when the minimum fell to 32° or below, and the
maximum rose to 95° or above.
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Making local observations.

The value of climatic information, supplied by the Weather Bureau,
may be enhanced greatly by observations of temperature and rainfall
made on the farm, particularly if made in connection with phenological
observations suggested on pages 17-19. Such a record is a valuable
asset to a farm, and its value increases as each year’s record is added.
A suitable equipment need not be expensive, nor the work made la-
borious. The highest and lowest temperature may be obtained at a
single reading, made preferably about sunset, by use of Six’s pattern
of maximum and minimum thermometers, mentioned on page 1. The
average of the two thermometer readings gives the daily mean.
This is the method used by the Weather Bureau, and will make the
record strictly comparable with any data obtained from that source.

A serviceable rain-gauge may be constructed by the use of any vessel
having straight sides. A tomato-can, placed two feet above ground,
and fifty feet from buildings or trees, will give good results. The
depth of the water caught may be measured with an ordinary rule, but
to make the record comparable with those made by the Weather Bureau,
the fractions of an inch should be reduced to decimals. Perhaps it
would be better to make a rule graduated in inches and tenths.
Ten inches of average snow will make, when melted, one inch of water.

A convenient method for recording and preserving. weather obser-
vations is important. A book is preferable, having at least thirty-four
ruled lines. Use one page for each month. Rule the page into eight
columns, leaving ample margin on the right for phenological notes.
Beginning at the left, head the columns as follows : date ; highest tem-
perature; lowest; mean; rainfall; snowfall; wind direction (every
farm should have a good weather-vane) ; weather; phenology. Enter
each day’s record on line with appropriate date. Under phenology
full notes should be made, showing the condition and advancement of
the various crops, for here is the point of contact between current
weather and plant growth. All this may be combined with a diary
of farm work. At the end of each month the temperature columns
should be averaged and the total rainfall set down; and when these
values are compared with the normal, the importance of the climatic
factor in crop production will be more fully understood. (For ther-
mometer scales, see Chap. XXVII.)



CHAPTER II

Tee ELEMENTS AND THE SoOIL

TaE mass of the earth (and the atmosphere) is at present assumed
to be composed of certain elementary or indivisible substances, and of
combinations of these substances. The number of elements now
recognized by chemists is eighty-three. The names of these elements,
with the symbols that are used for convenience and brevity in ex-
pressing the combinations into which they unite, are given in the

table: —

The elements and their symbols

Aluminum . . . . . Al |Irom . . . . . . . Fe.
Antimony . . . . . 8b. | Krypton . . . . . Kr.
Argon . . . . . . . A. Lanthanum . . . . La.
Arsenic . . . . . As, (Lead . . . . . . . Pb.
Barium . . . . . Ba. | Lithium . . . . . . Li.
Beryllium . . . Be. | Lutecium . . . . « . Lu.
Bismuth . Bi. Magnesium . . . . Mg.
Boron . B. Manganese . . . Mn.
Bromin N Br. | Mercu .. . . . Hg.
jum . . . . Cd. | Molybdenum . N Mo.
Ceesium Cs. | Neodymium . . . . . Nd.
Calcium Ca. | Neon . . Ne.
Carbon C. Nickel . Ni.
Cerium Ce. | Niobium Nb.
Chlorin Cl. | Nitrogen . N.
Chromium Cr. | Osmium . . . Os.
Cobalt . . Co. O:f'gen .. . . 0.
Columbium . Cb. | Palladium . . . . Pd.
Copper . Cu. | Phosphorus .. .. P.
Dysprosium . Dy. | Plationum . . . . . . Pt.
ium Er. | Potassium. . . . . K.
Europium Eu. | Praseodymium . . . . Pr.
Fluorin . . . . . F. Radium . - Ra.
Gadolinium . . . . Gd. | Rhodium . . . Rh.
Gallium e e e e Ga. | Rubidium . . . Rb.
Germanium . . . . . Ge. | Ruthenium . . . Ru.
Glucinum . . . . . Gl. | Samarium . . . . Sm.
Gold . . . . . . . Au. | Scandium . . . . P Se.
Helium . . . . . . He. | Selenium . . . . ' e Se.
Hydrogen . . . . . H. Silicon . . . . . « o Si.
Indium . . . . . . In. Silver “ o e . o Ag.
Iodin . . . . . . . I Sodium . . , . . . Na.
Iridium . . . . . . Ir. Strontium ., . . « » 8r.

24
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Tantalum . . . . . . . . Ta |Uranium . . . . . . U
Tellurium . . . . . . . . Te |Vanadium . . . . . V.
Terbium . . . . . . . . Th. [Xenon. . . . . . Xe.
Thallium . . . . . . . . TL | Ytterbium . Yb.
Thorium . . . . . . . . Th | Yttrium . Y.
Thulium . . . . . . . . Tm. | Zineo . 2Zn.
Tin . . Zr.

8n. | Zirconium . . . . .
Titanium . . . . . . Ti.

Distribution of the Elements

Oxygen, hydrogen, nitrogen, and some of the rarer elements exist
in the atmosphere in a pure or free state as well as in combinations in
animal and plant and earthy substances; but most of the elements are
present in nature only in combination with other elements. The
larger number of the eighty-three known elements are very rare.
Nearly 99 per cent of the earth’s crust (including the water) is made
up of eight elements, as follows (according to Clark) : —

gen
S

Aluminum . .
Iron. . . . . . .,
Calcium . .
%dodium. ..

agnesium .
Potassium

popwm oSy
UIITREE

No other element is estimated to contribute as much as 1 per cent
to the composition of the crust of the globe. Hydrogen is estimated
to comprise .17 per cent, and carbon .12.

The atmosphere i8 a mixture (by volume) of seventy-nine parts of
nitrogen and twenty-one parts of oxygen, with small quantities of
argon, carbon dioxid, vapor of water, ammonia, and organic gases in
addition.

The elements esgential to the life and growth of plants, so far as known,
are ten: calcium, magnesium, potassium, phosphorus, iron, sulfur,
from the soil; carbon, hydrogen, oxygen, nitrogen, from the atmos-
phere. Combinations formed by the vital processes of plants and
animals — a8 starch, sugar, acetic acid — are known as organic com-
pounds;-all others are inorganic compounds. The different elements
making up a compound are calculated in terms of their atomic weights.

The elements of which plants are composed, are largely oxygen, car-
bon, and hydrogen. The younger and more succulent the plant, the
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greater the proportion of oxygen and hydrogen, because the proportion
of water is greater. ’

Ultimate composilion of a wheat plant at maturity, containing 10 per cent mois-
ture. The hydrogen and ozygen of the water are included in the statement

Carbon . . . . . . . . . . . 42.87
Hydrogen . . . ¢ ¢« ¢ ¢ v ¢ ¢ ¢« o o o« o o 6.04
XYEED . . « + 4 e e e e 4 4 s e e e 4 e 45.26
Nitrogen et e e e e e e e e e e e e 0.94
Potassium . . . . . « ¢« « ¢« ¢ o ¢ o o o 0.36
Caleium . . . . . . . . . 4 e e 0 e e 0.33
Phosphorus . . . . . . . . . . . . . . . 0.11
Other ash constituents . . . . . . . . . . . . 4.09
100.00

Ultimate composition of h body. The proportion of C varies greatly with the
amound of fat, also the O and ash to a less extent. The stalemeni includes the

oxygen and hydrogen of the water

KiIrx VOLKMAN

o . 72.0 65.7
C . 13.5 18.4
H . 9.1 10.0
N . 2.5 2.6
Ca . 1.3

P . 1.1

S . 0.15

Na 0.1

Cl . 0.08

F . 0.08

K . 0.03

Fe . 0.01

Mg 0.001

Sc trace

The water is about 65 per cent, which makes the dry-matter in the
animal much less than in the mature plant, the moisture content of
which is shown to be 10 per cent in the preceding table.

The Ash and Mineral Parts of Animals and Plants

When a plant is oven-dried, the free or uncombined water passes off.
When it is completely burned, the carbon, hydrogen, nitrogen and most
of the oxygen are driven off. What remainsisash, containing the mineral
elements. Incomplete burning of plant material results in coals and
ash; the coal is mostly carbon. Charcoal is carbon.
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Mineral elements in animal bodies
(Calcplated from Results of Lawes and Gilbert)
Ox CALP, SHEEP Lans Pia
Balf | Fat | Fat | Thin | T80 | Fat |Ye7| Fat | Thin | Fat
% | % | % | % | % |.% | %| % | % | %
Fat . . . . . . 19.1 | 30.1 | 14.8| 18.7 | 23.5 | 35.6 | 45.8) 28.5 | 23.3 | 42.2
Nitrogenous matter 16.6 | 14.5 | 15.2( 14.8 | 14.0 | 12.2 | 10.9| 12.3 | 13.7 | 10.9
Minerals « . 4.66! 3.921 3.8| 3.16| 3.17| 2.81| 2.9 2.94| 2.67| 1.85
ater . . . . . .| 5815 45.5 | 63.0( 57.3 | 50. 43.4 | 35.2| 47.8 | 65.1 | 41.3
Contentsofstomach,ete.| 8.2 | 6.0 | 32 60| 91 60| 52 85 52| 4.0
Total 100.0°1100.0”(100.0|100.0_|100.0_{100.0_|100.0,100.0_(100.0_(100.0
MINERALS % % % % % | % | % % %
Phoephorus . . . 803 .677 6q70 488 | .524 4564 | 484 492 | 465 .286
Caleium . . . . 1.508 | 1.281 (1.177| .944 .965| .846| .886| .915 | .771 455
Magnesium . .051| .03 8| .034 | .031 029 [ .033| .031 | .032 | .019
Potassium . 70| 146 .171) .144 .140 123 | .131 .138 | .163 1156
Sodium . 108 | . 109 .090 | .077| .072 .076 | .082 | .054
Iron. . .028| .017| .015| .026 .029| .024| .021| .018 | .015 009
Sulfur . . . . 015| .013| .016( .021 | .014| .012( .011| 016 | .021 | .012
Live weight, Jbs. 1,232 1,419 |258.8| 97.6 | 105.1 | 127.21230.4| 84.4 | 93.9 | 185.0
Age . . . . . 4yr. |[4yr. | 95 | 1yr.! 3 | 14 | 1% |34 yr.
wk. yr. yr. yr.
Composition of ash of human body (Beaunis)
Carr
Tissun BonE | Mus- | Brain | Liver | Lunaes | BLoop | MiLk | LympH
CLES
Analyst Heints | Staffel | Breed | Oidt | C- | verdeil[Wilden-| Dahn-
Sodium chlorid . | — [ 10.59 | 4.74 | —— | 13.0 | 58.81 | 10.73 | 74.48
ium oxid — | 2351069 | 1451 | 195 | 415 — | —
Potassium oxid —— | 34.40 | 34.42 | 25.23 1.3 | 11.97 | 21.44 | 10.35
Calcium oxid 3758 | 1.99 | 072 3.61 1.9 1.76 | 18.78 | 3.25
Magnesium oxid 1.22 | 145 1.23| 0.20 1.9 1.12| 0.87 | 0.97
Ferric oxid . . 166 | — | — | 274 | 3.2 8.37 | 0.10( 0.26
hlorin e o || —|—] 268 — | 837 — | 0.05
Fluorin . . |—|——|——}—|—1023 | — | 1.09
Phosphorus poen-
toxid . . . |5331|48.13 | 48.17 | 50.18 | 48.5 | 10.23 | 19.00 | ——
Sulphur trioxid — | —— | 0.75| 0.92 14 1.67 | 2.64| 8.20
Carbon dioxid 547 | — | — | — | — [ 119 | —— | —
8ilicicoxid . .| —— | 081} 012} 027 | — | — | — | —
Potassium chlorid | — | — | — | — | — | —— | 26.33 | —
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Composition of the ash of leading farm crops (Snyder)

Compo8ITION OF 100 PARTS oF THE PURK AsH
Dar-ipype
Sazps Mar- | oy
TR KO | Na,0| CaO | MgO |Fe,05| P;0; | 80, | 8i0, [ Cl
Wheat . . 2.03 (30.24/ 0.65 | 3.50 (13.21] 0.60 |47.92| — | 0.73| —
Oats . 3 o | 3:12(17.90( 1.66 | 3.60| 7.03| 1.18 (25.64| 1.79 |39.20( 0.94
Barley % 8 (2.61120.92 2.39 | 2.64| 8.83/ 1.1935.10| 1.80 (25.90| 1.02
Rye . 8 12.09(32.10{ 1.47 | 2.94(11.32| 1.24 (47.74| 1.28 | 1.37| 0.48
Corn . . ‘W9 |1.46(29.8 | 1.10| 2.17(15.52( 0.76 |45.61] 0.78 | 2.10{ 0.91
Flax . . © a3.67(26.27| 2.22 | 9.61{15.86| 1.11 |142.48| — | 0.88| —
Clover . 23 4.50 [35.35/ 0.95 | 6.40{12.90| 1.70 (37.93| 2.40 | 1.30{ 1.23
Peas . . < 2.73 43.10( 0.98 | 4.81| 7.99| 0.83 |35.90| 3.41 | 1.91| 1.60
Beans . 3.63 (41.48) 1.10| 4.99( 7.15| 0.46 |38.86| 3.40 | 0.65/ 1.80
Foppers
Clover 7.02 (27.25{ 0.80 |129.26( 8.32| 0.57 |10.68{ — | 6.18[ —
imot . -3 6.82 {34.69] 1.83 | 8.05 3.24] 0.83 (11.80| 2.80 |32.17| 5.20
Brome grass s 6.55 |27.65/ 0.89 | 7.59| 4.32| 1.83 | 5.84 4.37( —
m . . g « | 8.72(27.18/ 0.85| 5.70{11.42| 0.85| 9.14| — 140.18| —
StrAws ] §
> S n.g. 2.86 |34.07( 4.37 [24.81(|15.04| 3.67 | 6.24| — | 6.70| —
Buckwheat .| % &|6.15(46.60( 2.20 |18.40| 3.80| — [11.19| — | 5.50] —
ea . . . .| .r~|4.80(21.40] 5.70(38.80 7.20| 1.40| 7.10{ — | 5.40| —
Bean . . ,5“” 6.10 |32.70| 8.70 125.30| 7.30{ 1.70| 7.90| — | 5.50| —
Wheat . . 5.37 (13.65| 1.38 | 5.76| 2.46| 0.61 | 4.81] — |67.50| —
QOat . . . . i 7.17 (26.42| 3.29 | 6.97| 3.66| 1.20 | 4.59| 3.20 (46.70| 4.40
Barley . . 5.35|23.26| 3.54 | 7.22| 2.58| 1.13 | 4.24] 3.80|51.00| 3.20
Roors
Potatoes . 24 | 3.80(60.00) 2.96 | 2.64( 4.93 16.86| 6.50 | 2.10| 3.40
Sugar-beets 15 (3.80(53.10{ 8.92| 6.10| 7.86 | 1.14 |12.20( 4.20 | 2.28| 4.80
Turnips . 12 | 8.00[45.40( 9.84 [10.60| 3.69 1(12.71] — | 1.80| 5.00

Chemical Compounds

The chemist uses initials (or other letters) to designate the elements,
when he makes a formula to express the composition of any compound ;
and he adds a figure to each symbol when more than one part or atom
(by atomic weight) enters into the make-up of the molecule. Thus
H O represents a compound in which the molecules are two parts
hydrogen and one part oxygen; in common language, this particular
compound is known as water. K,O is potash (or potassium oxid)
— two parts potassium and one part oxygen. Gypsum or land-plaster
is calcium sulfate, — CaSO,, which means calcium one part, sulfur
one part, oxygen four parts. Quartz is SiO;. Quicklime is CaO.
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Phosphoric acid is P;0;. Common table salt is NaCl (sodium
and chlorin).
Following are the formulas for various common substances: —

Ansticacid . . . . . CHO, Nitricoxid . . . . . NO
Ammonia . . . . . . Nitricperoxid . . . . NOs
Apiline . . . . . . NHy(CeHy Nitrousoxid . . . . . N,O
Arseniousoxid . . . . 6; Saltpetre . . . . . . « hO.
Carbondioxid . . . . C Starch . . . . . . . CeHnOs
Carbonicoxid . . . . CO Strychnine . . . CnpHnN,0,
(Fl‘hlorofor:ln . rust) . IC?H&]' gugar cane . . . 8. H,é)“

erric oxid (iron . ugar, zr&pe orglucose . Cs
Ferrous onﬁ . F:b Sulfate of ﬁl K-Sb.
Hydrochloric acid . . . HCI Sulfuret; hydrogen . . HS8

ercuricoxid . . . . HgO Sulfuric acid . . . 0,
Nitrateof soda . . . . NaNO, Sulfuricoxid . . . . . 80,
Nitricacid . . . . . HNO, Sulfurous oxid . . . . SO,

The Soil

The soil, as the farmer understands it, is the soft tillable covering or
epidermis of the earth. It is derived primarily from disintegrated rock,
but all productive soils contain organic remains, or materials derived
directly from these remains. Some soils, as those in swamps, are very

largely organic.
Classification of soils in respect to origin (Merrill)

-~ Residual deposits { Residuary gravels, sands, clays, wacke,
Sedentary laterite, terra rossa, ete.
] Cumulose deposits Peat,hmuck and swamp or palludal
soils, in
28 Colluvial deposits [ Talus an cl\ﬂ' debris, material of
g { avalanches.
a Alluvial deposits, ( Modern alluvium, marsh and swamp
including the deposits, estuarian clays. Loess and
Transported aqueo-glacial . adobe in part.
i Wind-blown  material, sand-dunes.
Zolian deposits . Adobe and loess in part.
Morainal material, either lateral, ter-
Glacial deposits . E::altcor ground moraines, drum-
, ete.

Classification of soil constituents (U. S. Dept. Agric.)

Naun B1zm or PARTICLES
(dm-2neten in millimeters)

1.Gravel . . . . . . . . . 0 tol.0

2. Coarsesand . . . . . . . 1.0 to 0.5

3. Mediumsand . . . . . . . . . 0.5 to00.26
4 Finesand . . . . . . . . « . . 0.25 to 0.1

6. Very fine sand 0.1 to0.05
6.8t . . . . .. 000 e e .. 0.05 to 0.005
7. s e e e e e e e e e e e 0.005 to 0.0000
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Weight of soils.

Soils vary widely in weight according to their composition and the
size of the particles. Humus soils are the lightest, and sandy soils are
the heaviest. Clay soils weigh less per cubic foot than arable soils or
sandy soils. The larger the amount of organic matter in a cubic foot
of soil, the less it weighs. For this reason, surface soils are lighter, asa
rule, than subsoils (Stevenson).

The weight of a cubic foot of dry soil is given by Shubler as
follows : —

LB.

Silicious sand e e e s e e e e s e e e e e e 110
Half sand and half clay e e e e e e e e e e e e e e e 96
Common arablesoil . . . . . . . . . . . . . . . . . 81t098
Heavy clay . e e e e e e e e e e 75
Garden mold nch in vegetable ‘matter . . . . . . . oo .. 70
Peat soil . e e+ e 4 s + e« + + . 30to50

Warington gives the following data regarding the weight of soil per
acre: —
1. Old pasture, Rothamsted, loam with clay subsoil

Dry Som
ORIGINAL
Wer SoiL
Total Stones Fine soil Roots
Ib, Ib, Ib. 1b. 1b.
First 9 inches . .| 3,294,380 | 2,328,973 174,091 2,144,470 | 10,412
Second 9 inches .| 3,887,780 | 3,098,939 363,322 2,744,715 902
Third 9 inches .| 4,091,620 | 3,273,324 217,516 3 501 308
Fourth 9 inches .| 4,139,420 | 3,343,787 280,730 3,083, 1057

2. Arable land, Rothamsted, loam with clay subsoil

l Dry Soiu
ORIGINAL —
Wer SoIL
I Total Stones Fine soil Roots
b, | Ib. Ib. Ib. Ib.

First 9 inches . .| 3,288,553 | 2,919,689 340,656 2,578,634 399
Second 9 inches .| 3,688,115 | 3,044,015 141,861 2,902,682 72
Third 9 inches .| 3,882,285 | 3,215,285 213,199 3,002,095
Fourth 9 inches .| 3,995,723 | 3,313,563 197,400 3,116,163
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3. Arable land, Woburn, sandy soil

Dry 8oL
ORIGINAL
Wer SoiL
Total Stones Fine soil Roots
Ib. Ib. b, Ib. 1b.
Firat 9 inches . 3,835,104 | 3,157,448 93,763 3,063,074 611
Second 9 inches .| 3,947,640 | 3,381,804 201,527 3,180,277
Third 9 inches .| 4,046,364 | 3,462,498 170,443 3,292,055
Fourth 9 inches .| 4,014,432 | 3,501,466 274,239 3,227,227

These tables show: (1) That each of these classes of soil is lighter
at the surface; (2) that in each case the weight increases with an in-
crease in depth. This increase in weight of the lower zones is due:
(1) to the increase of pressure to which the lower zones are subjected ;
(2) to the fact that the surface soil is more loose and porous; (3)
to coarser texture of subsoil. This condition is brought about by the
removal of the finest soil particles from the surface into the sub-soil
by the action of rain; by the accumulation of organic matter in the
surface soil ; and, in the case of arable soils, by tillage.

The specific gravity of a soil indicates its weight as compared with
the weight of an equal volume of water. An English authority has
published the following table, which gives the specific gravity of the
more common 80il constituents: —

Water 1.00 Dolomite 2.8-3.0
Humus 1.2-1.6 ica . . 2.8-3.2
Clay 2.50 Hornblende 2.9-3.4
uarts . 2.62 Augite . 3.2-3.5
eldspar . 2.5-2.8 Limonite 3.4-4.0
Tale . . 2.6-2.7 Hematite . 5.1-5:2
Calcite 2.75
Schéne gives the following for the specific gravity of soils: —
Clay soil 2.65
Sandysoil . . . . . . . . . . . 2.67
Finesoil . . . . . . . . . . . . 2.71
Humussoil . . . . . . . . . . . . 2.53
The true specific gravity of an arable soil varies from about 2.5 to

2.7.
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Texture of the sotl.

The size and shape of the particles of which the soil is oomposed
determine its texture. The arrangement of the particles determines
its structure, as ‘‘loose,” * open,” ‘‘mealy,” friable,” * cloddy,”
« porous," “« h&l‘d," « oompwt,” “ retentive,” « leachy.”

The texture determines the amount of soil-surface exposed to roots,
and to a great extent the quantity of moisture that the soil may hold.

The size and form of the particles determine the number in a given
volume of soil. It has been estimated by Whitney that a gram of soil
contains 2,000,000,000 to 20,000,000,000 soil particles. The number of
particles per gram of different soil types is approximately as follows : —

Early truck . s 4 e & & & « s + <« « & « . 1955000000
Truck and mﬂ fnnt e e+ e s e e+ e e e+ e e « . 8,955,000,000
Tobacco . . e e e s e e s e s e e « « . 6,786,000,000
Wheat . e e e s+ e s e e s e s & « . . 10,228,000,000
Grass and wheat . . . . . . e e e+ e« & « « . 14,735,000,000

@8tONe . . .+ . . .« .+ ¢ e o« + + « o« « « « . 19,638,000000

Owing to the fact that a soil is made up of particles, there is between
them a certain amount of space that is occupied by air or water; this
is known as the * pore space.” In ordinary soils the pore space varies
from a little over 50 per cent in the finest clay soils to about 25 or 30
per cent in coarse sands of uniform texture.

Soil Water

Water occurs in the soil in three forms: (1) Gravitational or hydro-
static water; (2) capillary water; (3) hygroscopic water.

Amount of water used by various crops sn producing a ton of dry-matter (Stevenson)

w Acl%-ncc!
TER USE or WaTer
Tl | g T or | Warss Unmn| DELMITTR o5 Tox or
(Kina)
tons in. tons
Barley . 5 464.1 20.69 5.05 4.096
Oats 20 503.9 39.53 8.89 4.447
Maize . 52 270.9 15.76 6.59 2.391
Clover 46 576.6 22.34 4.39 5.0899
Peas . . 1! 477.2 16.89 4.009 4.212
Potatoes . . . 14 385.1 23.78 6.995 3.339
Average . . 446.3 23.185 5.987 3.939
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Mean volume wduhcwbydiﬁmm,inwmiuwlmmwim
ht':{, with calculations to field conditions (Lyon and Fippin)
II II1 Iv v VI viI
B g M E n o 3

NI

RPN T <fs [<E=

BEMAELEE T 81 [558

o0 | Bu < & < E E* Rg ck

TREHTHEEE f 4
» S8 (EG=8) %59 |28 § a E ; E

E éaﬂn :O 1-8 £<E 38::. gi 5<5

v Ib. | cu.in. CC.
1. Dune sand 52 10.7 3 7.7 80 | 166 2,720 | 4.60
2. Coarsesand . .| 51 10.6 3 76 81 170 2,700 | 5.20
3. Fine sandy loam 50 18.0 5 13.0| 83 300 ,800 | 8.50
4. Light silt loam . 50 20.9 10 10.9 83 250 4,100 | 6.90
5. Clay . . . 59 304 | 17 134 68 | 252 4,140 | 7.03
6. Muck soil . 80! 12500 80 |170.0| 15 | 740 11,550 | 20.50
1 Estimated.

Water taken from the soil by evaporation is a loss additional to that
transpired by the crop. The following results were secured at the
Jowa Experiment Station in an experiment to determine the total
amount of water removed from the soil by evaporation and tran-

spiration : —
Tons or W, A
One Ton ATER wﬂ:rl;;ﬂm or
Cloverhay . . . . . 1560 13.7
Air-dried corn fodder . 5870 5.0
Oats and straw . . 1200 11.0

One inch of water covering an acre of land weighs about 226,875
pounds, or more than 113 tons.

Water evaporated by growing plants for one part of dry maller produced, in
pounds (Lyon and Fippin)

Lawxs AND GILBERT HELLRIEGEL WoLLNY Kina
'GLAND GERMANY GERMANY WIBCONSIN
Beans . 214 | Beans 26° | Maize 233 | Maige . 272
Wheat 225 | Wheat 359 | Millet 416 | Potatoes 423
Peas . 235 |Peas . . .| 292 | Peas . 479 | Peas . . .| 447
Red clover 249 | Red clover . | 330 | Rape . 912 | Red clover . | 453
Barley 262 | Barley 310 | Barley . 774 | Barley 393
Odts . .|402 |Oats . . .|[665|0ats . 557
Buckwheat . | 371 | Buckwheat . | 664
Lupine . 373 | Mustard 843
Rye . 377 | Sunflower . | 490
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Water needed under arid conditions.
Under dry-farming conditions, Widtsoe calculates that

1 acre-inch of water will produce 214 bu. wheat
10 acre-inches of water will produce 26 bu. wheat
15 acre-inches of water will produce 3714 bu. wheat
20 acre-inches of water will produce 50 bu. wheat

if all the water could be saved and be fully utilized in plant growth.
Under average cultural conditions in arid regions, he concludes that
approximately 750 pounds of water are required for the production of one

pound of dry matter.
Plant-Food in the Soil

In estimating plant-food, chemists usually catalogue only the three
elements (or combinations of them) that are likely to be much depleted
by the growing of crops, — nitrogen, phosphorus, potassium. (These
determinations were made by the solution-in-hydrochloric-acid
method, sp. gr. 1.115. Other analytical methods in use would give
higher readings, particularly in phosphorus and potash, as stronger
acids are used to make the soil solutions.)

Plant-food in surface soils, with calculations to pounds in an acre (Roberts)

Le. N. Ls. PO L. K0
Nrrrogen | Pmos. Acip Porasa

[ IN 18T IN lsT IN 2D
N N. % P05 % K0, % 8 IN. Soi. | 8 1N. SorL 8 1. SomL
1 379 .059 062 8,310 1,294 1,360
2 .293 .066 034 6,250 1,194 726
3 196 .196 183 4,218 4,240 3,959
4 282 .267 866 6,436 6,094 19,766
] .245 .05 232 5,364 1,095 5,079
6 .26 .0562 348 5,700 1,140 7,630
7 .26 029 182 5,635 628 3,945
8 .26 .15 .903 5,700 3,289 19,800
9 .109 .032 149 2,321 681 3,173
10 334 .038 056 7,224 822 1,211
11 14 .051 047 2,971 1,082 997
12 205 037 130 6,312 792 2,782
13 04 .23 872 6,016 5,016

14 .09 019 019 1,912 404

156 .12 .23 9 2,548 4,884 19,113
16 .07 .13 83 1,612 2,808 17,929
17 .03 22 65 4,659 12,812
18 .09 3 2.1 1,958 6,526 45,686
19 .07 .29 1.19 1,497 6,202 25,448
20 12 44 1.96 _ 2571 9,428 42,000
000,000 000,000 000,000
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Ls. N. Ls. PO, Ls. K0
NirrogeN | PrOS. Acip Porasr
No. IN 18T - - IN 18T .. IN 2D

N. % P:0u % K0, % 8 1N. Bow. | 8 IN. SBow. | 8 IN. Bom
000,000 000,000 000,000

21 .10 .33 1.8 2,153 7,105 38,752
22 .11 .16 .83 2,343 3,195 17,682
23 .11 28 1.956 2,455 6,250 43,526
24 .04 13 .89 850 2,759 18,890
25 07 .21 1.1 1,484 4,451 23,314
26 .08 .18 .98 1,701 .3,846 20,833
27 .08 .19 .86 1,699 4,034 18,260
28 .03 .15 .54 636 3,180 11,447
29 22 49 1.85 4,746 10,571 39,910
30 .16 .36 1.9 ,509 7,896 41,670
31 04 .14 .73 848 2,967 15,480
32 .08 .14 92 1,272 2,969 19,510
33 17 .38 1.18 3,599 8,046 24,984
34 .1 2 1.13 2,143 4,285 24,212

Alkali Lands

In countries of heavy rainfall, the alkaline materials are leached out
in the drainage waters. In arid countries there is very little or no
leachage; the water passes off by evaporation, and the alkaline and
other materials in solution are left at or near the surface of the ground.

The normal condition of arid lands is illustrated in the table below
(Means). The first part gives the percentage of total soluble salts
in two soils from central Montana, where neither soil originally con-
tained enough alkali within the zone of root action to be detrimental.
The second part shows the condition of these soils after a few years
of judicious irrigation, and the third part displays the condition after
a few years of irrigation without drainage : —

Table shounng percentage of alkali in soils

UNIRRIGATED IRRIGATED OVER-IRRIGATED
Dmrrr

Sand; Sand; Sand,

Lon.nf Clay Lounf Clay Lonng’ Clay
First foot .04 .04 .04 .10 .79 76
8econd foot . .04 04 .06 .07 .92 71
Third foot .03 .05 .04 .08 .94 63
Fourth foot .03 20 .05 .08 .79 .61
Fifth foot . .05 .33 .06 .08 52 .59
Sixth foot . . .08 34 .05 16 .52 .19
Seventh foot . .08 .26 .06 21 .36
Eighth foot 17 .25 07 .36
Ninth foot 24 .28 .05 .29
Tenth foot . .24 .05
Eleventh foot 21 07
Twelfth foot . .12 .07
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Paeulaoampodﬁonojdbaﬂinaidwﬂa'ﬂaonnndlﬁpﬁﬁ)

T
Yaxma Co.,.Wasa. Bose VaL- Buvives, C
MzapowLaND  LEY, llunol MonTawa ALIFORNTA
. Sur- 1 | Tu- | Mo-| Im-
| | ag | B o | B |
120|120 1200 0 D;"" in. |10in. g::‘ x ':‘
Potassium chloride. i
K1 . . .. — | 5.61| 7.82] 808, 1.84 — | — | — | — | 1.16
Potassium -ullltc,
K80,. . J—}—]|— | — | —| 1.6021.41| 3.95| .92 —
Potassium wbonsw.
K« CO;s . . . .| 874973864 — | —|—|—|—|—|—
Sodium sulfate,
Na,80, .. — | — | — (16.54 67.70,85.57)35.12|25.28/43.34| —
Bodium nitnoe.
NaNO; . . . —_—|——|—|—|—] —|19.78)| — | 8.21
Bodium urbomte
NasCO, . |66.94/13.86] 6.58:41.65| .10[trace| 7.28(32.58{15.38| .58
Bodium chloride.
NaCl . . . . .|—|—|—|— [17.66] .55|trace|14.75/39.34{28.83
Sodium  phosphate,
Na,HPO, . . . |—|—|—|—|—|— | — | 2.25| 1.02] —
M:fnesium sulfate,
g0 . . . . |—|—|— 82| 6.15| 8.90 4.06| — | — | —
Mﬁnelium chloride,
gClL, . .. . B —|—|—]|—|—|—|—]|— |28
Calcium chloride,
CaCl, 190 —| — | —|[— | — | — | — | — |58.42
Sodium bicarbonate,
NaHCO, . . . — 36.72/45.28(31.27| .72| .67/22.06 — | — | —
Calcium -ulﬁm |
Y e . . 9.12; 1.87( 6.17| .64| 5.93| 2.71{10.07| — | — | —
Calcium bicarbonate, I
Ca(HCOy)s . . — (16481317 — | — | — | — | — | — ]| —
Magnesium b:carbon-
m.(Ms(H(‘O.). — 12571234 — | — | — | — | — | — | —
Potassium bicarbon-
ate, KHCO, . —_|— 11— | — | — | - — | —
Ammonium carbon-
ate (NH4CO, —_ - —|— |14 — | —

! Compiled from analyses made by the Bureau of Soils of the United States
Department of Agriculture and by the California Experiment Station.
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The following table shows the quantity of gypsum required to neutralize
sodium carbonate in an acre-foot of soil : —

Pur Cant Soprom GrYPSUM PER Pxr Cunt Soprom GyreuM PER
CARBONATE Acrz-roor? CARBONATE Acrz-roor!

Per cent Pounds Per pent Pounds

.01 640 .06 3840

02 1280 07 4480

03 1920 .08 5120

04 2560 .09 5760

056 3200 .10 6400

1 An acre-foot of soil weighs 4,000,000 pounds.

Very often the black alkali is accompanied by other soluble salts,
and the change in kind of salt brought about by the gypsum leaves
more white alkali than plants will stand. The economic use of gypsum
is therefore restricted to localities having only small amounts of total
soluble salts. As a general rule, drainage can be properly applied,
and the land freed of both black alkali and white alkali at less expense
than by the application of ‘gypsum. Gypsum costs $4 to $10 per ton
in the regions where it is needed in black alkali reclamation, and when
it becomes necessary to apply sufficient to neutralize 0.1 per cent of
sodium carbonate in two or three acre-feet of soil per acre, the cost
is seedl to be prohibitive.

Tillage, and Soil Management

Tillage is the preparing and stirring of the soil with the object to
make it more congenial to the growth of plants. On the wise manage-
ment of the soil depends the perpetuation of the human race.

Objects of tillage (King).

Stated in the broadest and briefest way, the purpose of tillage is
to develop and maintain beneath the surface of the field a commodious
and thoroughly sanitary home and feeding ground for the roots of
crops and for the soil organisms that help to transform the organic
matter and the less soluble forms of the mineral plant-food materials
of the soil into more soluble and suitable conditions adapted to the
immediate needs of plants. But to make the habitable part of the soil
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of a field commodious and sanitary, and at the same time to maintain
within it -a sufficiently rapid development of readily water-soluble
plant-food materials so conditioned as to be highly available to the crop,
requires careful attention to many essential details. Some of the chief
objects of tillage are: —

(1) To secure a thorough surface uniformity of the field, so that an
equally vigorous growth may take place over the entire area.

(2) To develop and maintain a large effective depth of soil, so that
there shall be ample living room, an extensive feeding surface and large
storage capacity for moisture and available plant-food materials.

(3) To increase the humus of the soil through a deep and extensive
incorporation of organic matter, so that there may be a strong growth
of soil micro-organisms and the maintenance of a high content of
water-soluble plant-food materials.

(4) To improve the tilth and maintain the best structural condition
in the soil, so that the roots of the crop and the soil organisms may
spread readily and widely to place themselves in the closest contact
with the largest amount of food materials.

(5) To control the amount, to regulate the movement, and to deter-
mine the availability of soil moisture, so that there shall never be an
excess or a deficiency of this indispensable carrier of food materials
to and through the plant.

(6) To determine the amount, movement, and availability of the
water-soluble plant-food materials present in the soil, so that growth
may be both rapid, normal, and continuous to t.he end of the
8e4son.

(7) To convert the entire root zone of the soil into a commodious
sanitary living and feeding place, perfectly adapted to the needs of the
roots of the crop and to the soil organisms, — adequately drained,
perfectly ventilated, and sufficiently warm.

(8) To reduce the waste of plant-food materials through the de-
struction of weeds, and the prevention of their growth, through preven-
tion of surface washing and drifting by winds.

Jordan’s rules of fertility.

1. Thorough tillage, with efficient machinery, to be given if possible
when the moisture conditions of the soil admit of satisfactory pulveri-
zation.
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2. Frequent surface tillage at times of scanty rainfall, in order to
conserve the supply of soil moisture.

3. A sufficiently rapid rotation of crops to insure good soil texture,
to allow the necessary frequency of applying fertilizing material, and
as a main result to secure a paying stand of crops.

4. The introduction into the soil at frequent intervals of an amount
of organic matter necessary to proper soil texture and water holding
power, either by application of farm manures, by plowing down soiling
crops, or by the rotting of the turf.

5. The scrupulous saving of all the excrement of farm animals,
both solid and liquid.

6. The purchase of plant-food with due reference to the needs of
the farm and to the system of farm management prevailing.

7. The maintenance in the soil of those conditions of drainage and
aeration which promote the growth of desirable soil organisms, and the
introduction into the soil when necessary, of such organisms as are -
essential to the growth of particular plants.



CHAPTER III
CrEMICAL FERTILIZERS; AND Livm

A fertilizer is a material added to the soil for the purpose of supply-
ing food for plants.

An amendment is a substance or material that modifies the physical,
mechanical and chemical nature of the soil.

Stable manure is both fertilizer and amendment. Lime is used
mostly as an amendment, since it is not often necessary to supply it for
the plant-food that it contains. On sandy soils it may be needed as
a fertilizer. .

The extent of the fertilizer industry is indicated by the following
ﬁgures of complete fertilizers manufactured in the United States in
two given years : —

. Pxr Caxnt or
1900 1908 INcrREASD In
Qumtit?' in tons of
20001b. . . . . 1,478,826 1,603,847 125,021 8.5
Value. . . . . . $26,318,995 | $31,305,057 | $4,986,062 18.9

Fertilizer discussions are concerned mostly with nitrogen, phosphorus,
and potassium (always in combination with other elements, never used
in their elemental form), since these are the elements most likely to be
deficient in the soil. To be economically usable as a fertilizer, a
material must not only contain some one or more of these three
elements in available form, but it must be relatively low in price and
obtainable in large quantities. Nitrate of potash (saltpetre) is a good
fertilizer, but it is impossible to use it because of the cost. Many of
the fertilizer materials, — as bone-black, blood, ashes, —are waste
products or by-products.

40




Some of the Sources of Chemical Fertilizers

FERTILIZER MATERIALS

Percentage composition of materials used as sources of nitrogen (German Kali
Works, N.Y. City)
L ——— Eqm;:nm Porasa Pros. Actp
AMMONIA K0 Torav
Nitrate of soda . .|15 to 16 18 to 19 —_— —_
Sulfate of ammonia . | 1914 to 21 24 to2b —_— —_
Dried (high
grade) . 13 tol4 |16 tol7 —_— 2 to 3
Dried blood (low
e). . . . 110 toll 12 to13 _— 1% to 2
T o . 5 to 6 toll — 9 tol6
Dried scrap . . 10 11 to 12 —_— 5Y to 7
Cottonseed meal . 6%&) 7}6 7% to 9 14 to 2 2 to 3
Castor pomace . . 6 7 1 toly 14 to 2
Tobacco stems . . 2}400 3 to 34| 2 tol0 Kto 1

\

Composition of materials used as sources of phosphoric acid (Kali Works)

' EQUIVALENT -
AvaiL- | Insor- Porasa
. ToraL ABLD UBLE NrrroaeN A-:gm K,0
Aeidph hate .(16to19(14to17| 1to 2 —_— —_— —_—
Carolm:J) 0s. rock |26 to 27| —— |26 t0o 27| —— B — e
Dissol v bone
black . . . .[17t020[16t018| 1to 2| — —_ N
Bone meal . .|20t0 25| 5to 8{16to 17| 1to434|1¥ to 5Y| —
Dluolvedbone 15t017(13to 15| 2to 3| 2to3 " |2} to 314| —
Thomas slag . . |[22t024] — [22t024| — — —
Peruvian guano . |12to 15| 7to 8| 5to 8] 6to10 |7} to 12 (134 to4
.
Markdcd production of phosphate rock in the United States, from thc inning of
the industry in 1867 to 1909, in long tons (Van Hom. .S. Geol. Surv.)
Ymar QUANTITY VaLus Y=ar I QUANTITY Varuz
1867-1887 .| 4,442,045 |$23,607,019 | 1900 . ' 1,491,216 | 85,359,248
1888 . . 448,567 ,018,662 | 1901 . 1,483,723 5,316,403
1889 . 550,245 2,937,776 | 1902 . 1,490,314 4,693,444
1890 . 510,499 3,213,795 | 1903 . 1,681,576 5,319,294
1891 . 587,988 3,651,150 | 1904 . 1,874,428 6,580,875
1892 681,571 3,206,227 | 1805 . . 1,947,190 6,763,403
1893 . 041,368 4,136,070 | 1906 . . 2,080,957 8,579,437
1894 . 996,949 3,479.547 | 1907 . . 2,265,343 | 10,6563,
1895 . .| 1,038,651 3,606, 1908 . . 2,386,138 | 11,399,124
1896 . 930,779 2,803,372 | 1909 . 2,330,152 | 10,772,120
1807 . .| 1,039,345 2,673,202
1898 . 1885 3,453,460 Total 33,924,431 | 139,487,246
1899 . ., . 1,515,702 5,084,076
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World's production of phosphate rz)ck. 1905-1907, by countries, in meiric tons

. Van Horn)
1906 1907 1908
COUNTRY |- — — — -— :

. Quaantity Vslue Quantity Value Quantity Value
Algeria . . 333,531 | 8965,600 | 373,763 [$2,183,404| 452,060 $2,639,940.
Aruba (Dutch

West

Indies) . 26,138 1 36,036 1 29,061 t
Belgium . . 152,140 | 282,612 182,230 332,114| 198,030 355,897
Canada . . 521 4,024 748 6,018 1,448 14,794
Christmas

Islands

(Straits

Settle- .

ments) 92,010 1 112,147 1 110,849 1
France . . 469,408 | 1,872,000 431,237 | 1,876,736| 485,607 | 1,806,606
Norway . . 3,482 46,524 2 —_ D — —_—
Spain . . . 1,300 7,592 2 —_— e —_
Tunis . . 796,000 | 2,304,400 | 1,069,000 | 4,547,842| 1,300,543 | 5,531,624
United ng-

dom —_— —_ 33 224 9 68
United States 2,114,252 | 8,579,437 | 2,301,588 10,653,558/ 2,424,453 |11,399,124

Average composition of Stassfurt potash salts (German Kali Works)

v 3 o [
a B 03| o3| aalst CALCULATTD
:g :‘2 £3 'é’s'i Eg :E!‘: T0 PUkk
25 | 25 | 55| 3 33 &= 2k PoTAsSH
NAME OF SALTs a0 o §< SI|E2 | EE K.0
IN 100 ParTs ARE CONTAINED| 33 5 | A & 52 &= 83 29 E"‘ o
ol
Ke Mg- | Me- Ca- gg Aver-'Guar
83, KCl | 30| Cly |NaCljS0, 23 oo lan
A. Crude Salts
(Natural Product,s)
Kainit . . 21.3| 2.0(14.5|12434.6]1.710.8]112.7|12.8| 124
Carnallit . . — | 15.5]12.1121.5|22.4{1.9]|0.5|26.1| 9.8| 9.0
B. Concentrated Salts’
(Manufactured Progl}cts) 07 7518
969, 97.2| 03| 0.7| 04| 0.2,0.3|0.2 7| 52. .
Sulfate of P°"“’h{ 906| 1.6 27| 10| 1.2/04 /03| 2:2|49}9 486
Sulfate ofpotnsh—mmznwa 50.4| — 340 — | 2.5(0.90.6(11.6|27.2|25.9
Muriate of {90—95% — 1917 0.2 02| 7.1|—[0.2]| 0.6|57.7|56.8
Potash 180-85%, — [83.5| 0.4| 0.3|14.6|— 0.2| 1.1|52.750.5
Manure salt, min. pot- l
as| 2.0(31.6|10.6| 5.3|40.2|2.14.0| 4.2|21.0,20.0
Manure aalt min. 30%
potash . 1.2(476| 94 | 4.8|26.22.213.5| 5.1|30.6130.0

]
i

! Value not reported. 2 Statistics not yet avmlable.
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Potash salts produced in the United States, 1850 to 1906 (Phalen, U.8. Geol.

Survey.)
N Probucr
Crnaus EevnLiss- Avemags Prics
Quantity Value
b,
1850 . . . . . . 569 _ $1,401,533 _—
1860 . . . . . . 212 —_— 538, R —
1870 . . . . . . 105 —_ 327,671 —_—
1880 . . . . . . 68 4,571,671 232,643 $0.051
‘1890 . . . . . . 75 5,106,939 197,507 0.039
1900 . . . . . . 6712 3,864,766 178,180 0.046
1905, . . . . . . 3912 1,811,037 104,855 0.058

! Munroe, C. E., Bull. 92, Census of Manufactures, Bur. Census, 1905, p. 38.
n:dlncludes establishments engaged primarily in the manufacture of other
products

There was a time when the United States produced a large part,
if not all, of the potash it consumed. The burning of wood and the
lixiviation of the resulting ash to extract the potash, though of minor
importance so far as the monetary value of the product is concerned,
is one of the oldest of the purely chemical industries in this country.
Cognizance was taken of it in the census reports as early as 1850, so
that data are available for comparing the condition of the industry for
each decade since that.year. The above table gives the quantity and
value of potash produced in the United States from 1850 to 1905.

Potash salts are used extensively in the United States. They are
essential to numerous industries that are vitally connected with the
welfare of the American people — the most notable being the ferti-
lizer industry. They are used also in the manufacture of glass, in
certain kinds of soap, in some explosive powders, and in the chemical
industries, includihg the nanufacture of alum, cyanides, bleaching
powders, dyestuffs, and other chemicals. (Phalen.)

Importation of potash salts
The potash industry has not been revived in the United States thus
far, and the great bulk of the potash salts now used are imported. The
following table (by Phalen) shows the magnitude of the importation of
potash salts for the years 1900, 1905, and 1910: —
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Imports of polash salts for the oalcndar %aara xsﬁoéém;?d 1910, in poundst.
ureau

1900 1905 1910

Quantity | Value | Quantity | Value Quantity Value

Ib. b, Ib.
Chlorate . . . .| 1,243,612| $68,772 _— — — —_—
Chloride 130,175,481(1,976,604|214,207,004($3,326,478( 381,873,875($5,252,373
Nitrate (erude md
mﬁned) .| 10,545,392| 276,664| 9,911,634| 304,508 11,496,004| 333,854

cyanide, hydrio-
date, iodide, io-

date, permanga-
nate, prussiate
(red and yellow),
sulfate (orude
and refined) . .| 54,904,088/1,407,303| 82,935.532| 1,801,081 116,820,873| 2,777,308

Total . . . .|196,868,5673|3,729,343|307,054,130| 5,522,155 510,191,652| 8,363,623
Increase . . . .| ¢ — — |110,185,573| 1,792,812| 203,137,522 2,841,468
Percentage of in- :

crease . . . . — —_— 55.96 48.07 66.15| 51.48
Kainit, ‘‘kyanite,"” . -

and kieserite, and
manure salts 3 . |520,605,120(1,508,217|830,903,360| 3,116,884|1,288,199,360| 3,251,511

1 This table is based on total lmpom for the calendar Year, not on imports for consump-
ﬁon for the calendar year.
2 Theese figures are lor the fiscal years.

Potassic materials produced by the aid of electricity

Among the chemicals produced by the aid of electricity are potas-
sium chlorate and potassium hydroxid. The following table gives the
quantity and value of the potassium salts made electrolytica.lly at the
censuses of 1900 and 1905, with the amount and percentage of increase
(Phalen) : —

Per Cr r
1900 1908 INCREASE R CAEASE.
s\mntity. tons . . 1,900 3,908 2,008 106.7
alue. . . . . . ‘80, 3200 008 $119,911. 149.7




OONTENT OF FERTILIZERS 48

" Principal potash materials used in fertilizers in the United States, 1900 and 1906

Pxr CuNT OF
1900 1905 INcREASE INCREASE
Kainit: -
tity, tons . . 54,700 190,493 135,793 248.3
alue . . . . . $520,833 | $1,801,073 | $1,370,240 263.1
Other potash salts -
tity, tons — 122,107 —_ —_—
- ue . . . . $3,008,400 | $3,606,701 $508,301 16.4
Nitrate of potash . .
3\unuty, tons . . 884 1,160 276 31.2
alue . . . . . $32,156 $39,039 $6,883 214
‘Wood ashes :
antity, bushels . —_ 17,083 —_ —_—
alue . . . . _— $2,050  —— —_—

Fertilizer Formulas and Guarantees (Voorhees)

Probably more than nine-tenths of the fertilizers used in this country
are purchased in the form of mixtures containing all three of the essen-
tial constituents, nitrogen, phosphorus, and potassium. The various
brands are prepared from formulas designed to be especially suitable for
different crops and soils. This method of purchase saves labor and
thought on the part of the farmer, but the cost of the constituents is
greater than if the fertilizer materials are bought and home-mixed ;
besides, in the mixtures the farmer does not always obtain such pro-
portions of the constituents as are best adapted to his conditions.
These mixed fertilizers, as a rule, are, and should always be, accom-
panied by a statement of guaranteed composition. This is very essen-
tial, because purchasers are unable to tell, by mere visual inspection,
what kinds and proportions of fertilizing materials have entered into
the mixture. In many states the laws require that the source of the
materials also shall be distinctly stated, in order to insure the use of
good products, as the mixing permits the disguising of poor forms,
especially of those containing the element nitrogen.

Guarantees, however, sometimes confuse the purchaser, because the
method of stating the guarantee is such as to mislead, provided he does
not understand the meaning of the terms, or is unable to convert the
percentages into their equivalents. It is entirely legitimate, when there
are no laws forbidding, for the manufacturer to guarantee ammonia,
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instead of nitrogen; bone phosphate, instead of phosphoric acid; and
sulfate of potash, instead of actual potash. The statement of the
guarantee of the constituents in combination increases the percentage,
thus leading ignorant purchasers to think that they are obtaining a
larger percentage of the constituents than is really the case.

In the cese of raw materials, a guarantee based on the purity of the
chemical salts is very frequently used. That is, a substance when pure
contains 100 per cent of the specific salt, and the guarantee which
accompanies this product is merely a statement that indicates its purity.
For example, when nitrate of soda is guaranteed to contain 95 per
cent nitrate, it means that it is 95 per cent pure nitrate, or that 5 per
cent of the total substance consists of impurities. The same is true in
the case of sulfate of ammonia, sulfate of potash, muriate of potash,
and other potash salts that may be offered. In order that the farmer
may have a simple method of determining the actual content of the
constituents, however guaranteed, the following tables*are given to
show the terms that are used, their equivalent of actual elements, and
the factors to use in converting the one into the other: —

To convert the guara.nbee of Multiply by
Ammonia . . Nitrogen . . . 0.8235
Nitrogen . . . . . . Ammonia . . . . 1.214
Nitrate of soda . . . . 3 Nitrogen . . . 0.1647
Bone hosphate . . . . into an Phosphoric acid . . 0.458
oricacid . . . . equivalent Bone a{)hosphate . . 2183
Munaoe of potash . . . of Actu: . 0.632
Actual potash . . . . . Murmte of potash . 1.583
Sulfate of potash . e . Actual potash . . 0.54
Actual potash . . . . . Sulfate of potash . 1.85

The following statements show the methods of stating guarantees
on the basis of purity, in the case of many raw materials, and the equiv-
alent percentage on the basis of actual constituents:

Guarantee on basis of purity : —
Nitrate of soda, 95 per cent, or containing 95 per cent pure nitrate.
Muriate of potash 80 per cent. or contammg 80 per cent purc muriate.

Sulfate of potash, 98 per cent, or containing 98 per cent pure sulfate.
Kainit, 25 per cent, or oontmmng 25 per cent pure sulfate.

Guarantee on basis of actual constituents: —

Nitrate of soda, total nitrogen . . . . . . . . . . 1564 per cent.
Muriate of potash, actual potash . . . . . . . . . 50.50 per cent.
Sulfate of potash, actual po'.a.sh e « o & + + o o« . 53.00 per cent.
Kainit, actual potaah e e o o o o o o o o o 13.50 per cent
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The following illustration shows a guarantee of the same mizred
fertilizer, on the basis of equivalents in combination, and on the basis
of actual constituents:

Guarantee on basis of equivalents in combination: —

Nitrogen (equivalent to ammonia), 2 to 3 per cent. .
Available phosphoric acid (equivalent to bone phosphate 9! lime), 16 to 20

per cent.
Potash (equivalent to sulfate of potash), 6 to 8 per cent.

Guarantee on basis of actual constituents: —

Nitrogen (tof e« « « + s+ « « . 165 to 2.50 per cent.
Phosphoric &cld (avallable) e 4« e s+ e « « « . 7.00to 9.00 per cent.
Potash (actual) P - 25 to 4.25 per cent.

It will be observed that the guarantee in the one case means the same
as in the other. Different methods of stating guarantees should not
mislead those who will familiarize themselves with the terms: used and
with the conversion factors.

In the case of the mixed fertilizers, the percentage of the constituent
clements that are given on the basis of equivalents represents the
amounts when they exist in combination with other elements, viz.,
nitrogen, as ammonia; phosphoric acid, as bone phosphate; and
potash, as sulfate.

Methods of Computing Trade Value of Fertilizers

Trade-values of plant-food elements in raw materials and chemicals, 1910.

The trade-values' in the following schedule have heen agreed
upon by the Experiment Stations of Massachusetts, Rhode Island,
Connecticut, New York, New Jersey,and Vermont,as a result of
study of the prices actually prevailing in the large markets of these

_states.

These trade-values represent, as nearly as can be estimated, the
average prices at which, during the six months preceding March, the
respective ingredients, in the form of unmixed raw materials, could be
bought at retail for cash in our large markets. These prices also corre-
spond (except in case of available phosphoric acid) to the average whole-
sale prices for the six months preceding March, plus about 20 per cent
in case of goods for which there are wholesale quotations.
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ota. per 1b

Nitrogen in ammonia salts « s 6 5 s+ s e s s e e » 16
Nitrogen in nitrates 16
Organic nitrogen in dry and ﬁne-ground ﬁah meat and blood md
or mxxedtfertllueraﬁl; . i be 3 tsnkage . %

ganic nitrogen in e—gmun ne an c e e
Organic nitrogen in coarse bone and tankage e e e . 15
Phosphoric acid, water-soluble . . e e e e e 434
Phosphoric acid citrate, soluble (revertaed) . 4
Phosphoric acid in ﬁne-ground fish, bone and tankage . . 4
Phosphoric acid in cottonseed mea.l ca.stor-pomaoe and ashes | 3
Phosphoric acid in coarse fish, bone and tankage . 3
Phosphono acid in mixed femluers, insoluble in ammonium citrate
Potash as hlgh e sulfaua in forms free from murmbea (ohlo-

rides), in es, etc. . P

Potashmmunnte............... 43

Valuation and cost of fertilizers.

'The total cost (to the farmer) of a ton of commercial fertilizer may
be regarded as consisting of the following elements: (1) Retail cash
cost,. in the market, of unmixed trade materials; (2) cost of mixing;
(3) cost of transportation; (4) storhge, commissions to agents and
dealers, selling on long credit, bad debts, etc. While the total cost of a
fertilizer is made up of several different elements, a commercial valua-
tion includes only the first of the elements entering into the total cost.
that is, the retail cash cost in the market of unmixed raw materials.

Valuation; and agricultural value.

The agricultural value of a fertilizer depends upon its crop-producing
power. A commercial valuation does not necessarily have any relation
to crop-producing value on a given farm. For a particular soil and
crop, a fertilizer of comparatively low commercial valuation may have
a higher agricultural value; while, for another crop on the same soil,
or the same crop on another soil, the reverse might be true.

Rule for calculating approximate commercial valuation of mized ferti-
lizers on basis of trade-values for 1910.

Multiply the percentage of nitrogen by 4.0.

Multiply the percentage of available phosphoric acid by 0.8.

Multiply the percentage of insoluble phosphoric acid (total minus
available) by 0.4.

Multiply the percentage of potash by 1.0.
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The sum of these 4 products will be the commercial valuation per
on on the basis taken. .

Illustration. The table of analyses shows a certain fertilizer to have
the following composition: Nitrogen 2.52 per cent; available phos-
phoric acid 6.31 per cent; insoluble phosphoric acid .89 per cent;
potash 6.64 per cent. According to this method of valuation, the
computation would be as follows: —

Nitrogen . . . . . . . 2.52 X 4.0 = $10.08
Available phosphoric acid e e e e 6.31 X 0.8 = 5.05
Insoluble phosphoric acid e e e e e . 080 X04 = 0.36
Potash . . . . . . . . . « . .« . . 6.64 X1.0 = 6.64

$22.13

This rule assumes all the nitrogen to be organic and all the potash
to be in the form of sulfate. If a considerable portion of nitrogen exists
in the fertilizer as nitrate of soda or as sulfate of ammonia, and potash
is present as muriate, the results are somewhat less. .

Farmers should be warned against judging fertilizers by their valua-
tions. A fertilizer, the cost of which comes chiefly from the phosphoric
acid present, would value much lower commercially than a fertilizer
with a high percentage of nitrogen, and yet the former might be the
more profitable for a given farmer to purchase.

Table for converting the fertilizer elements into their usually reported forms,
and vice versa (J. P. Stewart) Corrected

(a) 'ConverTING ELEMENTS INTO CoM- (b)) CONVERTING COMPOUNDS INTO ELE-

POUNDS MENTS
K x 1.2043 = K:O. (Atomic wts. based K.O x .8303 =K.
P X 2.2903 = PyOs. on O = 16) P3O X .4366 = P.
N x 1.2154 = NH,. NH; x .8228 = N.
Mg x 1.6568 = MgO. MgO x .6036 = Mg.
Ca x 1.3990 = CaO. CaO X .7148 = Ca.

Computing the trade value.

A simple way of figuring the value of a commercial fertilizer ! (Cavanaugh)
ExampLe No. 1. GUARANTEED ANALYSIS

Nitrofn L e.r + . s e 4 « « e« « « « « « . 1.60to2.00 per cent

Phosphoric acid available . . . . . . . . . . . 7.00 to 8.00 per cent

Potash . . . . . . . . . . . . . . « .« . 200to 3.50 per cent
Costperton . . . . . . . . . « « . . $20.00

1 In these and the succeeding examples, it happens that the trade values per
Ib. of chemicals are not those of 1910, given on pp. 47—48; but it is intenged
only to explain the method.

o
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Multiplying the lowest figure representing the per cent of the.given
‘clement by 20, and calculating the value from the price per pound, we
have in No. 1 (remembering that 1 per cent means one pound in a
hundred, or twenty pounds in a ton): —

Nitrogen . e e e e e e e+ . 160 X20 = 321b. @ 15¢ = $4.80
Phosphoric a.cld . e e e 7 X20 =1401b.@ 5¢ = 7.00
Potash e e e e e 2 X20 = 40lb.@® 5¢ = 2.00
Commercial valueperton . . . . . . . . . . . . . $13.80
ExaMPLE No. 2. GUARANTEED ANALYSIS

Nitrogen e« e + « +« +« « « . 8.30to 4.00 per cent
Phosp oric acid avaxlable t 4« « + e « + « « . 800 to10.00 per cent
tash . e« « + o « + « « « 17.00to 8.00 per cent

Cost perton e e e e e e e e e e . . . $38.00

Its value is calculated the same as No. 1: —

Nitrogen . .. 3.30 X 20 = 661lb. @ 15¢ = $9.90
Phosphoric acld . 8.00 X 20 = 160lb. @ 5¢ = 8.00
Potash 7.00 X20 =1401b. @ 5¢ = 7.00
Commercial value . . . . . . . . . . . . . . .. $249

The cheapest fertilizer is the one in which one dollar purchases the
greatest amount of plant-food. In No. 1, $29 obtained $13.80 worth,
which is at the rate of forty-eight cents worth for $§1. In No. 2, $38
buys $24.90 worth of plant-food, or at the rate of sixty-five cents worth
for the dollac. The difference between the commercial value, as calcu-
lated, and the selling price, is to cover expenses of manufacture, bag-
ging, shipping, commission fees, and profits.

How to figure the trade value of a fertilizer in greater detail ( \'foorhees)
It is assumed that the mixed fertilizer is guaranteed to contain

Ammonia i e « « 4« 4« 4 4 e « « « « .« 4percent
Available phosphonc acid . . . . . . . . ... ... .8 per cent
Total phosphonc acld e+ ¢ + e 4 4+ 4 e 4 e« o « « + 9percent
Potash . e e e 4 e 4 e e e e e + o o« « o« 6percent

and that the nitrogen exists in three forms, as nitrate, as ammonia, and
as organic; the phosphoric acid in three forms, soluble, reverted, and
insoluble; and potash in two forms, sulfate and muriate. The 4 per
cent ammonia would be equivalent to 3.28 per cent nitrogen, 1 per cent
of which is nitrate-nitrogen, i per cent sulfate of ammonia-nitrogen,
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and 1.78 per cent is derived from organic forms. Of the total phos-
phoric acid, 6 per cent is soluble, 2 per cent reverted, and 1 per cent is
insoluble; of the total potash, 3 per cent is derived from muriate and
3 per cent from sulfate.

The first column in Table A shows the percentage of the constituents
contained, which, multiplied by 20, gives the pounds per ton in the
second column, which, multiplied by the schedule prices per pound,
gives the valuation per ton, as shown in the fourth column.

In the case of ground bone, the guarantee is 4 per cent ammonia and
48 per cent bone phosphate, which are equivalent to 3.28 per cent nitro-
gen and 22 per cent phosphoric acid. It is assumed that 60 per cent
of the material is finer than 4 of an inch, and is regarded as “ fine,”
andl 40 per cent is coarser than ¥ of an inch, and is regarded as
““ coarse."

TaBLe A. — CoMPLETE FERTILIZER
1 2 3 4 5
Pounds Valuo per %’3\';‘::3 es;[i‘gxt:ﬂlad

pounds per 100  per ton p;‘;'g' ton of each value
constituent per ton

g
8
g
g

Nitrogen, as nitrates . . 1.00 X 20 = 20.0 X 16.5 = $3.30
Nitrogen, as ammoniasalts 0.50 X 20 = 10.0 X 17.5 = 1.7§
Nitrogen, as organic matter 1.78 X 20 = 35.6 X 185 = 6.59
Total nitrogen . . 3.28 65.6 $11.64
Thosphoric acid, soluble 6.00 X 20 = 120.0 X 4.5 = $5.40
Phosphorie acid, reverted . 2.00 X 20 = 400 X 4.5 = 1.80
Phosphorie acid, insoluble . 1.00 X 20 = 20.0 X 2.0 = 040
Total phosphoric acid 9.00 180.0 7.60
Potash, asmuriate . . . 3.00 X20 = 60.0 X 4.25 = 2.55
Potash, as sulfate . . 3.00 X 20 =_60.0 X 6.0 = 3.00
Total potash . . . 6.00 120.0 _5.55
$24.79
TaBLE B. — GROUND BONE
1 2 3 4 5 e - 7
mt;'l Total
O
Per :ent Per cent Per cendt Pounds V:;le T:l':e eat:;d
[} or pounds prion ma
33'1‘86 fineness per 100 per ton p&\:lnd ogo e:«:h pve:‘t‘:;l
stituent
Gitrogen| 328X 60 = 1.97infine X20 = 39.40 X 18.0 = $7.09
BCN) 328 X 40 = 1.31in coarse X 20 = 26.20 X 13.0 = 3.41
Total 3.28 65.60 $10.50
Phosphoric{ 22.00 X 60 = 13.20in fine X 20 = 264.00 X 4.0 = 10.56
acid 22.00 X 40 = _8.80in coarse X 20 = 176.00 X 3.0= 5.28

Total . 22.00 .00 _15.84
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The first column of figures in Table B shows the percentage, or
pounds per hundred, of the constituents, which is multiplied by the
percentage of fineness, which gives the percentage or pounds per hun-
dred of fine or coarse in the third column. The calculation is then
finished, as in the case of complete fertilizers.

Home-Mixing of Fertilizers

General advice (Kentucky Station).

The farmer may mix his own fertilizers in a satisfactory manner.
He should first determine how many pounds of phosphoric acid, nitro-
gen, and potash he wishes to use per acre, then determine how much of
each of the materials used will be required to furnish the desired
amounts of the ingredients. This having been done, it is easy to figure
to any number of acres. It does not matter about figuring out what
per cent there will be of each ingredient, the important thing being to
know how many pounds of each ingredient are being applied. The
foregoing points having been determined, the next step is the mixing.
Prepare a tight fléor of sufficient size. Put down the bulkiest material
first in an even layer, following with the others in order of their bulk.
See that all lumps are well broken up. Potash salts and nitrate of
soda may be lumpy. Take a shovel and begin at one end of the pile
and shovel the materials back, turning and mixing each shovelful as
much as possible. Repeat the operation until well mixed. There is
no doubt that fertilizers may be well mixed at home, but it is advised
only when it can be done more cheaply and when fertilizers of the
desired composition cannot be purchased.

The function of the fertilizer factory is to mix fertilizers cheaper
and better than the farmer can do it himself. That the factory can do
this there is no doubt. That they are not doing so, as a rule, is
evident.

" In some states, the farmer decides what he wants to use on his land
and submits his formula to the manufacturer, who mixes his goods for
him and charges the retail price for the singles or simples used, and a
reasonable profit on the actual cost of mixing.

It is gratifying that some of the largest manufacturing concerns
advocate the exclusive use of high-grade fertilizers and the unit or
pound basis of purchase.
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Incompatibles in fertilizer mz'xtuzes (U. S. Dept. Agric.).

The danger of indiscriminate mixing of fertilizing materials should
be understood, and a diagram (Fig. 4) is given to indicate what com-
binations may be safely made of some of the more common materials.

Superphosphats.

Ammonjum sulphate. Bumw "m‘m'
Lime nitrogen (eal- Norwegian nitrate
clum cyanamid). (basio calolum

nitrate).
Potash s L
Nitrate of s0ds. ’ Bone meal.

Fi1a. 4. — Incompatible combinations in fertiligers.

In this diagram the heavy lines unite materials which should never be
mixed, the double lines those which should be applied immediately
after mixing, and the single lines those which may be mixed at any time.

Table for calculating raw fertilizer materiol required per ton by miztures of
given composition

FAcTOR FOR Facror ror
FERTILIZER MATERIAL m &:) -E:QYAI::%.;I:: CALCULATING | CALCULATING
AS CALLED FOR IN A IN TRE (NHyp) FFRRTILIZER FERTILIZER
Fc A F . PEr CENT MATERRIAL MATERIAL
. FROM NITROGEN| FROM AMMONIA

Multiply by Multiply by

Nitrate of soda 15.0 18.2 133 110
Dried blood 124 16.0 161 133
Sulfate of ammonia 20.0 24.3 100 86.4
Cotton-seed meal 7.0 . 856 286 235
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Table for calculating raw fertilizer material required per ton by nnxlures of
given composition. — Continued

FacTOR FOR
FAcTOR FOR
FERTILIZER MATERIAL | PHOSPHORUS | PHOSPHORIC | cALCULATING | CRLCTLATING
AB CALLED FOR IN A (P) Acip (PyOy) FERTILIZER |y n';f,_:
FoRMULA MATERIAL FROM|V S7RIAL FROM
Per CENT Pxr CENT PHOBPHORUS o e
Multiply by Multiply by
Acid phosphate 6.1 14.0 328 143
Basic slag 7.0 16.0 285 126
FACTOR FOR FacTor ror
Porassron Porasa CALCULATING | CALCULATING
(K) (K40) FERTILIZER FERTILIZER
MATERIAL FROM MATERIAL FROM
Per Canr PEr CEnT Porassion Porasa
Multiply by | Multiply by
Murmte of potash " 41.6 50 48 40
ainit 10 12 | 200 167
Sulfate of potash 40 48 50 42

To mix a 2-8-6 fertilizer, i.e. a fertilizer containing 2 per cent
nitrogen, 8 per cent phosphoric acid and 6 per cent potash, the
quanpit.ies of raw material may be calculated as follows: —

2 X 133 = 266 1b. nitrate of soda

8 X 143 = 1144 lb. acid phosphate
6 X 40 = 240 lb. muriate of potash

771650 1b. mixture

If dried blood were used instead of nitrate of soda, it would be
necessary to use 322 lb. of it to secure the required amount of nitro-
gen (2 %X 161 = 322) in the ton. - If the formula called for ammonia
rather than nitrogen, the multiple would be 110 or 133 respectively.

Soil Analysis and Fertilizer Tests (Cavanaugh)

A chemical analysis of a soil consists in finding the amountsof nitrogen,
phosphoric acid, potash, lime, magnesia, and humus that it contains.
It may be carried further, and the other constituents determined.
These materials, except the humus and nitrogen, are extracted from
the soil by strong acids. The action of these acids is many times
stronger than is ever brought to bear on the soil in its normal con-
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dition in the field. It is therefore impossible at present to draw any
certain conclusions from the results of such an analysis that are
applicable to field conditions.

If, however, an analysis shows only a very small amount of nitrogen,
then one may conclude that the soil is deficient in this element and
will probably be benefited by its application. But this may be as
easily told by a simple inspection of the field while plants are growing.
A soil deficient in nitrogen is constantly showing its condition in the
plants. Short growth of straw and vine, failure to develop a full,
dark-green color, and the growth of sorrel and ox-eye daisy, all tell as
accurately as the chemist with all his skill that the soil lacks nitrogen.
And it is the same with the other constituents. It is only when a
soil is extremely deficient in certain plant-foods that an analysis shows
the cause of the trouble.

The great majority of all soils, good and poor agriculturally, differ only
in narrow limits as to their composition. Every soil that yields well
does not contain more plant-food than one that yields less; on the
other hand, many soils that glve poor yields are often rich ‘in plant-
food.

Two samples of soil were recently examined in the chemical labora-
tory. On one of the soils alfalfa grows readily, on the other it has
failed. It might seem that the cause could be discovered by analyzing
the two samples. Following are the results: —

No. 1, that does not grow alfalfa No. 8, thalarawaalfalfa
Nxtro n (N) . 0.07 per cent Nitro (N . 0.07 per cent
onc Mld (P,O.) 12 per cent Phosphoric a.cld (P.O.)

. tash (K,0)

0. 0.12
Lim (C ) 8 17 D con {o (C (o) 823
e (Ca . o per cent ime (Cal s e per cent
Magnesia (Mg0) - (3) g

17
. .24 per cent Magnesia (MgO) .
Organic matter (humus) 45 per cent Organic matter (humus)

Soils have an average weight of 2,000,000 Ib. per acre for a depth
of eight inches, and the composition of the two soils by weight is as
follows : — .

No. 1 . No. 2

07N = 1,400 lb. per acre. 007 N = 1,400 lb. per acre.
12 P,O; = 2,400 lb. per acre. 0.12 P,O, = 2,400 Ib. per acre.
14K,0 = 2,800 Ib. per acre, 013 K,0 = 2.600 Ib. per acre.
'.17 Ca0 = 3,400b. per acre. 0.20 CaO - = 4,000 Ib. per acre.
MgO = 4,800 lb. per acre. 0.22 MgO = 4,400 lb. per acre.
345bumus -69,000 1b. per acre. 3.15 humus = 63,000 lb. per acre.
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It will be seen that in chemical composition these soils are practically
identical, and yet one grows good alfalfa and one does not.

This shows that the chemical composition is not always the deciding
factor in fertility. As a matter of fact, it is rarely the deciding factor.
A s0il that showed higher amounts of plant-food than in the cases cited
above gave very low yields. A good system of tile drains was put in
this field, and three years later the crops were very large. The drain-
ing produced no differences in the chemical content, but it brought
success. Failure may be due in other cases to poor tilth, acidity, bad
rotations, and various physical causes.

Chemical analyses of soils are valuable mainly to assist in con-
ducting investigations of a scientific character. With the present
methods they are of little use as a means of deciding what fertilizer
should be applied. The farmer should experiment with different fer-
tilizers, and not depend on a chemical examination of his soil, unless
he has reason to think that he has a very special problem. The wide-
spread notion that chemical analyses of soil and of plant will tell what
fertilizers to add and what crops to grow is erroneous.

Field tests to delermine fertilizer needs may be made as follows: —

The field should be plowed before the plats are laid out. Then
use substantial stakes at the corners of the plats and mark them
well. It would be well to leave a space of 4 feet between each two
plats, to be sure that the plants on one plat cannot feed on the fer-
tilizer each side of it.

Do not lay out the plats on land that has been manured within one
year. If you made fertilizer experiments last year, do not use the same
set of plats again this season.

The following diagram shows the arrangement of the plats, with
the spaces between, each plat containing ¥v of an acre: —

1. Plat K. 15 1b. Muriste|potash ggotil;; m?
2. Plat N. 15 1b. nimte]aoda (l,got}lli); ll';ﬁ?
3. Plat P. 30 Ib. mperlphotphaee (l)got;‘l; lime
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& s 100 1b. lime
:E 4. Plat Blank. No fer|tiliser on this half ]
'§ 15 1b. muri|ate potash 100 1b. lime
g| 5 Plat KN 15 b, nitra|te soda on this half
]
15 1b. muriate|potash 100 lb. lime
33 6. Plat KP. (mixed) {30 1b. superph|osphate on this half
15 lb. nitrate(soda 100 1b. lime
7. Plat NP. 30 Ib. superplhocphate on this half
15 1b. nitrajte soda s
b 100 1b. lime
8. Plat NPK. mhxed) 15 1b. murijate potash :
( 30 1b. super{phosphate on this half
9. Plat 8. stable/manure (l)goul:i: lﬁﬁ?
Eight rods long.

Analyses of Various Chemical Fertilizer and Related Materials

DissoLvep BoNE-BLack .
ared by treating refuse bone-black from

This material is a su hosphate glre

sufar refineries with o)l of vitriol, which renders nearly all the phosphoric acid
soluble in water.

Soluble phosphoricacid . . . . . . . .« . . . .+ o . . . 14.56
Re phosphoricacid . . . . . . . . . . . . . . 2.39
Insoluble phosphoricacid . . . . . . . . . . . . . . . . 020

BoNm CHARCOAL
Moisture at 100°C. . . . 18.18 Reverted phosphoric acid . 5.18
Ash . . . . . . . . . 7224 Insoluble phosphoric acid . 20.02
Total phosphoric acid . 25.58 Insoluble matter . e 0.69
Soluble phosphoric acid . 0.38
GrouNp Bone. (Two samples)
1 n

Moisture at 100°C. . . . . . . 3.97 12.43
Ash . . . . . . . ... . . 49.35 64.21
Total phosphoric acid . . 19.49 25.67
Reverted phosphoricaeid . . . . . . . . . . . . 3.80 6.20
Insoluble phosphoricaeid . . . . . . . . . . . . 15.69 19.34
Nitrogen . . & . ¢« ¢ ¢ ¢« o « « o o o« & + + « 404 2.68
Insolublematter . . . . . « « ¢« ¢+ ¢ o o . . . . 078 0.42
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Driep BLoop
Moisture . . . . . . . . 1502 Nitrogep . . . . . . . . 824

Dry GBOUN'D:F!SH

Moisture at 100°C. . . . . . . . . . + + ¢ + « o + « . 834
7 1 (]
Total phosphoricaeid . . . . . . . . . . . . . . . . . 823
Soluble phosphoricacid . . . . . . e 1 8 U]
Reverted phosphoricaeid . . . . . . . . . . . . . . . 3.8
Insoluble phosphoricacid . . . . . . . . . . . . . . . . 432
Nitrogen . . . . . . . . . « + v « v « « « 4« « .+« .« . 881
Insolublematter . . . . . . . . . .+ . . 4+ . . . . 082

SULFATE OF AMMONIA

This article, now manufacturzd on a large scale as a by-product of gas-works,
usually contains over 20 per cent of nitrogen, the equivalent of from 94 to 97
per cent of sulfate of ammonia. The rest is chiefly moisture.

Nitrogen . . . . . . . . 2002 Equivalent ammonia . . . . 24.30
SULFATE oF Potasa. (Two samples)

The double sulfate of potash and magnesia is usually sold as ‘‘sulfate of
potash.”

: 1. 11.
Actualpotash . . . . . . . . . . . . . . . . . 2176 51.28
Equivalent sulfateof potash . . . . . . . . . . . . 513 94.80

SULFATE OF MAGNESIA
Moisture at 100°C. . . . . 20.01 Sulfuricacid . . . . . . 3035
Magnesiumoxide . . . . . 1587 Insolublematter . . . . . 6.29
NITRATE oF SoDA

Nitrate of soda is mined in Chile and purified there before shipmont. It
usually contains about 16 per cent of nitrotfen, equivalent to 97 per cent of pure
nitrate of soda. It contains, besides, a littl2 salt and some moisture.

Moisture . . . . . . . . 035 Sulfateofsoda. . . . . . 0.21
Salt (sodium chloride) . . . . 0.23 Purenitrateofsoda . . . . 99.21
MuriaTe oF Porast. (Two samples)

Commercial muriate of potash consists of about 80 per cent of muriate of
potash (potassium chloride) ; 15 per cent or more of common salt (sodium
chloride), and 4 per cent or more of water.

1 I
Actualpotash . . . . . . . ., . . . . . . . . . 5.0 52.82
Equivalentmuriate . . . . . . . . . . . . . . . 792 83.70

GERMAN Porasa SALTs — Average of 11 Analyses

Moistureat 100°C. . . . . 13.14 Magnesiumoxide . . . . . 9.25
Potassium oxide . . . . . 21.63 Sulfuricacid . . . . . . 10.85
Sodiumoxide . . . . . . 13.76 Chlorine . . . . . . . . 3563
Calciumoxide . . . . . . 085 Insolublematter . . . . . 2.
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KAINIT — Average of 3 Analyses

Moisture at 100°C. . . . . 0.26 Magnesiumoxide . . . . . 897
Potassium oxide . . . . . 14.04 Sulfuricacid . . . . . . 2105
Sodium oxide .« « +» . 2138 Chlorine . . e e . . . 3238
Calcium oxide . . . . . . 112 Insoluble matter . . . . . O.
LAND-PLASTER OR GYPSUM
Hydrated sulfate of lime . . . . . . . s+ . e s e . . 7488
atters insolubleingeid . . . . . . . . . . . . . . . . 123
Moisture . . P B £
Other matters, chxeﬂv carbonate of lime . . . . . . . . . . . 2266

Asaes (Woop), UNLEACHED
Moisture at 100°C. . . . . . . .
Calciumoxide . . . . . . . . .
Magnesiumoxide . . . . . . . .
Ferricoxide . . . . . . . . . .

s e s e a

Potassium oxide . . . . . . .
Phosphoric acid .
Insoluble matter, before calcination .
Insoluble matter, after calcination . . .

¢ e s s s
e e o s o s 0 o
e a4 o o 2 e o
D
e s e e e

" e e e

s e e s s a e
Bt et et T g

Asnes (Woob), LeacEED

Moistureat 100°C. . . . . . . . . . . . 1372
Calciumoxide . . . . . . . . . . . . . 48.07
Magnesiumoxide . . . . . . . . . . . . 6.086
Ferric oxide . . e e e e e e . .

Potassium oxide . . .

Phosphoric acid . e
Insoluble matter, before calcination . . .
Insoluble matter, after calcination . . .

« s e v e o e
e e e b o s 0 o
e s e o s e @
P N I Y
e« s s o s s e »
s e s s e e o

P Y

CoOAL ASHES, BITUMINOUS

Water . .+ s« . B850 8da . . . ... .. .. 04
Orga.mc substanoe . . « . 50 Magnesia . v e . e . . 32
< « + + « . 950 Phosphoric acid . . . . . . 02

Potash . . . . . . . . . 04 Stlfuricacid . . . . . . . 85

CoAL ASHES, ANTHRACITE
gVater - e . 28 %ioda S TSP g(l)
c substsnce e e e e X agnesia . . . . . . . . 8.

;ﬁ « « +« + o 900 Phosphoricacid . . . . . . 01
Potash . . . . . . . . . 0.1 Bulfuricacid . . . . . . . &0

Gas-LiMe — Average of 4 Analyses

Moisture at 100°C. . . . . 22.28 Sulfur . e e .. . 2078
Calciumoxide . . . . . . 42.66 Insoluble matter . . . . . 6.0§
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Seawmep. (Two samples) 1 n
Moisture at 100° C. . . e e e e e e e e e . . 1206 14.96
Nitro . W ] 1.28
Phosphoricacid . . . . . . . . . . . . . . 0.44 0.17
Potassiumoxide . . . . . . . . . . 3.81 0.36
Calcium oxide e e e e e e e e e 2.73 3.86
Magnesium oxide. . . . . 1.48 1.30

Fertilizer Formulas for Various Crops

There is no exact method of determining the fertilizer or plant-food
needs of the various crops. Certain guides have been established,
however, from analyses of the plants and other means, and some of
these block formulas are given here for the information of the con-
sultant. The careful grower will make tests of his own (see p. 56),
and use formulas only as guides.

Formulas suggested by the Maine Experiment Station.

It is to be borne in mind in using these formulas that they are only
suggestive and that different conditions of soil make such different
treatment essential that a formula which may prove successful on one
farm may not be equally so on another. In no case is it to be expected
that fertilizers will take the place of good tillage and care of crops.

L PuosrroRIC AcID
CrOP AND FERTILISING MATERIALS - :;ug“ GEN A‘m 2- Total Porasa
CoRN on sod land or in conjunc- 1b. Ib. Ib. Ib. Ib.
tion with farm manure :
Nitrateof soda . . . . . 100 16 —_— —_ R —
Acid phosphate . . . . . 400 —_— 52 56 —_
Muriate of potash . . . . 150 e — —_ 75
Total e e e e e e 650 16 52 56 75
Percentage composition 2.6 8.0 8.6 11.5
Nitrateof soda . . . . . 100 16 —_— —_— e
Screened tankage . . . . 200 11 15 32 —_—
Acid phosphate . . . . . 300 —_— 39 42 E—
Muriate of potash . . . . 150 —_— _— —_— 76
Total . . . . . . . 750 27 54 74 75
Percentage composition .| —— 3.6 7.2 9.9 10.0
Nitrateof soda . . . . . 100 16 —_ Jua—— [—
Cottonseed meal . . . . 200 14 —_ 3 4
Acid phosphate . . . . . 400 -_— 52 56 —_—
Muriate of potash . . . . 150 —_— — —_— 76
Total . . . . . . . . 850 30 52 59 79
Porcentage composition .| —— 3.5 6.1 7.0 9.3
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ProsrHORIC AcID
WereHT NrrRO-
CRrOP AND FERTILIZING MATERIALS USED GEN Avail Porasma
PER ACRE :{:l'le - Total
Grass — spring seeding with | Ib. Ib. Ib. Ib Ib.
oats as a nurse crop in con-
junction with liberal appli-
cations of farm manure: !
Nitrate of soda . . . 50 8 —_— —_— —_
Acid phosphate . . . . 200 —_— 26 28 —_—
Muriate of potash . . . 200 — —_ —_— 100
Total . . 450 8 26 28 100
Percentage composition f— 1.8 5.8 6.2 22.2
GRrass — spring seeding with
oats without farm manure :
Nitrate of soda . . 100 16 —_— —_— J—
Screened tankage 500 28 36 80 e
Acid phosphate . . . 200 _— 26 28 -_—
Muriate of potash . . 250 —_ — — 125
Total . 1050 44 62 108 125
Percentsge composmon — 4.2 5.9 10.3 11.9
GRA8s — summer or fall seeding
wigt)h farm manure (at seed-
Acid phosphate . 100 —_ 13 14 _
Mumteosp. . e e . 75 e e — 38
Total . 176 | — 13 14 38
Percentage compomtlon — —_— 7.4 8 22
The following spring apply —_
Nitrate of soda . 100 16 —_— —_— —_—
Acid phoaphate e e . 200 — 26 28 _—
Muriate . c . 200 e —_— —_— 100
Total . . 500 16 26 28 100
Percentage composmon —_— 3.2 5.2 5.6 20.0
GrAss — summer or fall seeding
withput; farm manure (at
Nitrateofsoda . . . . .| 100 18 | — | — | —
Screened tankage . . . . 400 22 29 64 _—
Muriate of potash . . . . 100 — —_— R — 50
Total . . . . 600 38 29 64 50
Percenta.ge compoatlon N 6.3 4.8 10.7 8.3
The following spnng apply —
Nitrate of soda Ce e 100 16 —_ —_— —_
Acid phosphate . . . . . 200 — 26 28 —_—
Muriate . . . . . . . 200 — e e 100
Total . 500 16 26 28 100
Percentage compoamon ] — 3.2 52 | 56 | 200

1If desired to apply bx;;nschm

200 pounds of some fine,

materi:

, it would be necessary to mix with about
as muck or loam.
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Weionr

PrOSPHORIC ACID

Crop AND FERTILIZING MATBRIALS o N;'N"' A:b?g- Total | FOTASE
GRrass —spring top-dressin, 1b. b, b, Ib. Ib.
land, s ted by the ﬁfode
Island Experiment Station:!
Nitrate of sod C e e e 350 54 —_— —_ —_
Acid phosphate . . . . . 400 —_— 52 56 —_—
Muriate of potash . . . . 250 — — e 125
Total . .| 1000 54 52 56 125
Percentage composmon L] — 5.4 5.2 5.6 12.5
CLOVERS, OR ALFALFA, without
other manure and on land
g the proper root tu-
be e organisms :
Nitrate of soda . . . . 50 8 —_ —_ —_
Acid phosphate . . . . . 400 —_— 52 56 —_—
Muriate of potash . . . . 250 e e —_— 125
Total . . 700 8 52 56 125
Percentage composition S 1.1 7.4 8.0 17.9
BeaANs OR pPEAs without other
manure on soil carrying the
proper root tubercle organ-
Nxtrsua ofsoda . . . . 50 8 —_— —_— _—
Acid phosphate . . . . . 400 _ 52 56 —_—
Muriate of potash . . . . 150 —_— _ — 75
Total . . 600 8 52 56 75
Percentage composition’ — 13 8.7 9.3 12.5
MANGOLDB OR OTHER BEETS, |
experiments at
the Rotﬁgmstod (England)
Experiment Station (to be
used in conjunction with a
llbe.r)al dressing of farm ma-
Nitrateof soda . . . . . 400 64 _— —_— _
Muriate of potash . . 400 _ R —_— 200
Common salt* . . _ 200 — — e —
Total . . 1000 6 | — | — 200
Percentage composition — 6.4 — — | _20.0
MANGOLDS OR OTHER BEETS - -
without farm manure :
Nitrate of soda . . 200 32 _— _ —_—
Screened tankage . 800 44 58 128 B —
Sulfate of ammonia (or 300
g{)unds high- dried
ood) . . . . . . . 200 40 —_— —_ —_—
Acid phosphate . . . . . 200 _— 26 28 —_—
Muriate of potash . 400 _ _ —_— 200
Common salt . el 20 | — | — |_— —_—
Total . . .| 2000 116 84 156 200
Percentage composmon —_ 58 4. 2 78 10.0

1 Rhode Island Sta. Bul. 90. * Beets are successf ully grown in Mune mthout salt.

-
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It is of the utmost importance in purchasing materials for these home
mixtures to buy only on a guaranty of composition and to insist that the
materials shall be of standard high-grade quality.

Specific miztures for different crops (Agric. Exp. Sta. Geneva,
N.Y., 14th Rept.).

In the following tables (pages 64 to 77), Van Slyke gives
formulas for various crops as an illustration of the kinds of mixtures
that are ordinarily advised. He is convinced, however, that prac-
tically all purposes would be satisfactorily served by the use of not
more than a half dozen different formulas. We should work toward
the more or less independent handling of nitrogen, phosphorus and
potassium compounds, using them separately or together as special
conditions and the results of observation and experience may suggest.
This is possible, of course, only with the student farmer. For the
mass of farmers, the formal recipe or the commercial mixture must
yet form the basis of fertilizer applications. As a broad statement
to guide the careful farmer, Van Slyke suggests the following: —

For leguminous crops, a formula of 1-8-10 (in the order of nitrogen, available
phosphoric acid and potash).

For cereals, 3-8-5.

For all kinds of garden crops, 4-8-10.

For grass and forage crops, 4-6-9.

For orchards, 2-5-10.

For root-crops, 3-8-7.

The materials that are given for use in the succeeding tables are
assumed to have a fairly definite composition, and the calculations are
based on the following conditions of composition: —

(1) Nitrate of soda, 95 to 96 per cent pure, containing 16 per cent
of nitrogen.

(2) Dried blood, containing 10 per cent of nitrogen.

(3) Sulfate of ammonia, containing 20 per cent of nitrogen.

(4) Stable manure, containing .5 per cent of nitrogen.

(5) Bone-meal, containing 20 per cent of total phosphoric acid,
one-half being calculated as available during first season on application ;
also containing 4 per cent of nitrogen.

Whenever bone-meal isused in a mixture, allowance should be made for
its nitrogen, and so much less of other forms of nitrogen-materials used.
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(6) Dissolved bone, containing 15 per cent of available phosphoric
acid and 3 per cent of nitrogen.
(7) Dissolved bone-black, containing 15 per cent of available phos-
phoric acid.
(8) Dissolved rock, containing 12 per cent of available phosphoric acid.
(9) Muriate of potash, 80 per cent pure, containing 50 per cent of potash.
(10) Sulfate of potash, 90 to 95 per cent pure, containing 50 per
cent of potash.
(11) Kainit, containing 12 to 13 per cent of potash.
(12) Wood-ashes, containing 5 per cent of potash.

ALFALFA
Pra CzxT 'EEZ;E: PouNDs oF DIBIN-::K: nﬁaunuu YoR
(1) 30 to 60 Ib. nitrate of soda: or
Nitrogen . . . 1 5t010 | ] (2) 25 to 50 Ib. sulfate of ammonia; or
(3) 50 to 100 lb. dried blood ; or
(4) 1000 to 2000 1b. stable manure.
Available phos- (1) 300 to 600 lb. bone-meal ; or
phoric aaad . 8 30t060 | | (2) 233 to b4100 1b. dmsolved bone-meal or
ne-blac

to 160 H
Potash . . . 10 40 to 80 (2)8000160!b.5ulfaw;or

APPLES

Prr ,l,?:g:: Pounps or DirFERENT Pounps oF DIFFERENT
CENT| ) onm | MATERIALS FOR ONE ACRE | MATERIALS FOR ONn TrER

(1) 50 to 100 Ib. nitrate of| (1) 1 to 2 1b. nitrate of soda ;
a; or or
. (2) 40 to 80 Ib. sulphate of| | (2) 3{ to 134 Ib. sulfate of
Nitrogen . . .| 2 8to 16 ammonia; or ammonis; or
(3) 80 o ;160 160" Ib. dried| ) (3) 134 to 3 Ib. dried blood;
or
(4) 1600 to 3200 Ib. stable| | (4) 356 to 70 1b. stable ma-

manure. nure.
(1) 300 to 600 lb. bone- ((1) 6 to 12 Ib. bone-meal;

meal; or H
Available phos- (2) 200 to 400 1b. dissolved: | (2) 4 to 8 Ib. dissolved bone
phoricacid .| 8 |30to60 bone-meal or bone-| or bone-black ; or

black; or
(3) 250 to 500 Ib. dissolved| { (3) 5 to 10 Ib. dissolved
rock. rock.
(¢}] 100 to 200 lb. muriate;| {(1) 2 to 4 Ib. muriate ; or
(2) 100 to 200 Ib. sulfate; ) (2) 2to41b. sulfate; or

23) 4(!) to 800 1b. kainit; or éa; 8 t0 16 Ib. kainit; or
1000 to 2000 Ib. wood-| | (4) 20 to 40 Ib. wood-ashes.

Potash. . . .| 12 |50t0100

uhos
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ASPARAGUS
Pounps -
Pxr CxNT r(xz cg:l Pounps or DirFERENT MATERIALS FOR ONB ACRR
. (1) 120 to 240 Ib. nitrate of soda; or
Nitrogen . b 20 to 40 { (2) 200 to 400 1b. dried blood ; or
: ?’3 20000 1b. Bacare i are:
Available phos- . dissolved bone
phoric acid .| 7  |30to6o]{ 2 200 to 400 Ib. dissolved bone-meal or
(3) 250 to 500 1b. dissolved rock.
(2) 70 t0 140 1 sulobase. or
. sulphate; or
Potash . . .| 9 [35t070|] (3) 300 to 600 Ib. kainit; or
(4) 700 to 1400 lb. wood-ashes.
BARLEY
- —
g:;-r m}:(:)g;: Pounps or Dn&::lxkl'\;hnmu FOR
B Ipt il o
. . sulfate of ammonia ; or
Nitrogen . 4 12to 24 (3) 125 to 250 1b. dried blood ; or
8; 360‘?0 to40050001b lllm).ostable :]mnure.
. to . bone-meal ; or
A‘:ﬁl:r?‘l: phoe- 7 20t0d0| {2 15glto I:;lOO 1b. dissolved bone or bone-
sad . ack; or
(3) 1756 to 350 lb. dissolved rock.
8; gg to {88}::; mlllg'iate; or
to . sulfate; or
Potash 8 |26t0580 | 1(3) 200 to 4001b. kainit; or
(4) 500 to 1000 1b. wood-ashes.
BeANs
C};EN?I' r};}:(:)';"’z PouNps oF Dlﬂ::l::n glu'lnuu YOR
() 33 t0 50.1b; mulfate of svarmonia
. (2 to . sulfate of ammonia ; or
Nitrogen . . 1 5t010 (3) 50 to 100 1b. dried blood ; or
2‘8 ;880‘;306(2)8({(; lll)).osta.ble :lmnure.
Available phos- - bone-meal; or .
Phoric ac'lpd - 7 30 to 60 2) 20(;1:: :?Oolb. dissolved bone or bon:
(3) 250 to 500 1b. dissolved rock.
(i b
to . sulfate; or
Potash 9 [35t070| {03y 300 to 600 Ib. kainit; or
(4) 700 to 1400 1b. wood-ashes.
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BeeTrs
g::-r 'l;}:(?;: Pounps or Dxr(;::lx‘rmghnnuu yor
(2 150 t0 200 1b. sufate of ammomnia
. sulfate of ammonia ;
Nitrogen . 5 |20t040) {8 St o0 . dried biood: or
‘3 4% 538(1)8 llt));) stabl:al manure.
. to . bone-meal ; or
A b ™, o |25t050| |@ 175 to 350 Ib. dissalved bone or bone-
ack
(3) 20000400 lb dissolved rock.
B R mhin =
0 to sulfate; or
Potash . . 9 |35% 70| 1(3) 300 to 600 Ib. kainit; or
“4) 700tol400]b wood-ashes.
BLACKBERRIES
é’::r ,l:,}z(:;?i PouNnDs oF ng::nxgnﬁlumm yor
(3) 78 1o B00b. sulfate of ammmonia:
s ate of ammonia ; or
Nitrogen . . .| 3 |16%30) 13 150t t0 300 I dried blood ; or
(ﬁ 300 to 600 lb“g:tableeal or
hoa- ne-m or
A et 6 ls0weol | 200 o 400 1. dissolved bone or bone-
lac
(3) 250 to 5001b dissolved rock.
s B e ¥
ate; or
Po ce 8 |40w80 23)30000 Ib, kainit; or
4) 800 to 1600 Ib. wood-ashes.
BUCKWHEAT
dP::T ;}:i’;?i Potnps or Dxrg:mnl:hnluu FOR
It I s
. to . sulfate of ammonia ; or
Nitrogen . . 4 [15%0304 1/3) 150t 300 Ib. dried blood ; or
g4g 3300000 mcmwmlbllﬁbsmbl::lmnure.
i 1 ne-m or
Av;ﬁl(;li)‘l’ew;i)goo- 8 30 to 60| {(2) 200 to 400 lb dissolved bone or bone-
(3) 250 to 500 1b. dissolved rock.
(i B
to sulfate; or
Po 9 |3870 115 300 to 600 b, kainit: o
(4) 700 to 1400 1b. wood-ashes.
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CaBBAGE
P
é’::r ,ﬁ? Pounbps or Dlrr:::xrc.lr/\nuu‘ ror
(@ Bl S
. . sulfate of ammonia ; or
Nitrogen . . 4 |40to80| 1(3) 400 to 800 Ib. dried blood ; or
8 el o e
i - to . bone-meal ; or
Avallable 8| 7 |10to140| |(2) 500 to 1000 1b. dissolved bone or
bone-black; or
(33 600 to 1200 Ib. dissolved rock.
” @ Kol syt
. sulfate; or
Fo st 9 |90to180) {55 700 to 1400 Ib. kainit; or
(4) 1800 to 3600 1b. wood-ashes. .
CARROTS
Pounps
CPE.X:I‘ NA::(:;:I Pouxnps or 1 Blm“x'l‘c.:{ATlllAu
(B g0 ts0lh smieofrode,
. to . sulfate of ammonia ; or
Nitrogen . . .| 3 |16%309(3) 150 t0 300 lb. dried blood; or
& o0k Bl i bl
Available phos- . bome-meats ar
phoric acid 7 35 to 70 2 251213 lf(:)oolrb. dissolved bone or bone-
(3) 300 to 600 Ib. dissolved rock.
(B s
to . sulfate; or
Potash . . .| 8 |40t080 1 (3) 300 to 600 1b. kainit; or
(4) 8000 to 1600 lb. wood-ashes.
CELERY
Pouxnos
PE P DirrErENT M.
Clsl;' 'o:cnoln ounpe or"on ONE AcCRE ATERIALS
B B rih s ok,
. . sulfate of ammonia ; or
Nitrogen . . 5 |40t 80 1(3) 400 to 800 Ib, dried blood; or
(1) 500 e 100010, bonemeals or "
Available phos- 2) 350 to 700 lb.'dis:oel-:'ned b;r:)er or bone
phoric acid . 6 50 to 100 ¢ ack; or
(3) 400 to 800 1b. dissolved rock.
B il e
to . sulfate; or
Potash . . 8  |65t0130| {(3) 500 to 1000 Ib. kainit; or
(4) 1300 to 2600 Ib. wood-ashes.




CavLorLowsn

Same as for cabbage.

CHERRIES
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ror ONB
Acrr

Pounbs or Dirrerent
MATERIALS YOR ONE ACRE

Pounps or DirrFerEnt
MaTtzriaLS YOR ONE TRER

Nitrogen . .

10t0 20

35t0 70

45 to 90

(1) 60 to 120 lb. nitrate of
a; or

(2) 50to 100 Ib. -ulfute of

onia ;
3 lOO to 200 lb dried
blood ;
4) 2000 to 4000 1b. stable
[(1) 360 to 700 1b. bone-
meal ; or

(2) 250 to 500 Ib. dissolved
ne, etc.; or

(3) 300 to 600 Ib. dissolved

&; 90 to 180 Ib. muriate; or
to 180 Ib. sulfate;

1 f"} 350to700|b kninit or
l b. wood-

(1) 34 to 1 Ib. nitrate of
soda; or

(2) 34 to 1 lb. sulfate of
ammonia; or

(3) 1 to 2 lb. dried blood ; or

(4) 20 to 40 Ib. stable ma-
nure.

(1) 334 to 7 Ib. bone-meal ;
or

(2) 234 to 5 Ib. dissolved

ne, etc. ; or

(3) 3 to 6 Ib. dissolved rock.

é ; 1 to 2 Ib. muriate; or

2) 1to 2 Ib. sulfate; or

§3) 334 to 7 |b. kainit; or
4) 9 to 18 Ib. wood-ashes.

CLovER
Same as for alfalfa.

Corn

Pxr
Cent

Pouwnps
ror ONEx
Acre

PoUNDS oF DIFFERENT MATERIALS
roR ONE AcCRE

Nitrogen . . .

Available phoo-
phoric aaad .

Potash

10 t0 20

(1) 60 to 1201b. nitrate of soda ; or
(2) 50 to 100 lb. sulfate of ammonia;

or
(3) 100 to 2001b. dried blood ; or

(4) 2000 to 4000 1b. stable manure.
(1) 350 to 700 1b. bone-meal ;

or

35 to 70 {(2) 250 to 500 lb. dissolved bone, ete. ; or

(3) 300 to 600 lb. dissolved rock.
(1) 60 to 120 Ib. muriate; or

30 to 60 22) 60 to 120 1b. sulfate; or

3) 250 to 500 lb. kainit ; or
(4) 600 to 1200 Ib. woc.Jd-ashes.

For sweet corn, somewhat larger amounts of nitrogen may be

applied.
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CuUCUMBERS
Pouxps
Par Pouxps or DrFERENT MATERIALS
Cant 'OA'Q?:' yor ONE AcrE

(2) 150 to 300 lb. sulfate of ammonia

3) 300w6001b. dried blood ; or
4) 6000 to 12,000 Ib. stable manure.
1) 500 to 1000 Ib. bone-meal ; or
2) 350 to 700 1b. dissolved bone, ete. ; or
3) 400 to 800 1b. dissolved rock.
(3} a2l e
to . sulfate; or
Potash . . .| 8 [65t0130} (3) 500 to 1000 Ib. kainit; or

(1) 180 to 360 1b. nitrate of soda; or
Nitrogen . . . 4 30 to 60

Available phos-
phoric acid . 6 50 to 100

p——
A~~~

CURRANTS
Pouxops
Pzr Pounps or DirFERENT MATARIALS
Caxr "’A‘@g"' For ONE AcRE

gg gg 11%((), lll})) mtlr‘att; ot‘f soda ; or
. - sulia [s) ammonm or
Nitrogen . . .| 2 {10t020 |3 100 to 200 Ib. dried blood ; or

Available phos- (1) 250 to 500 1b. bone-meal ; or
phoric acid . 8 |26t050 { 2) 175 to 350 Ib. dissolved bone, ete. ; or
3) 200 to 400 1b. dissolved rock.

~ | [B BRI ELT
. sulfate; or
. Potash. . . .| 8 [40t080 |} (3) 320 to 640 Ib. kainit;: or

4) 800 to 1600 l1b. wood-ashes.

E@a-PLANT

Pounps
Pounps oF DIFFERENT MATERIALS
"’A‘c&"' YOR ONE ACRR

T

2) 200 to 400 lb. sulfate of ammonia; ot
3) 400 to 800 lb. dried blood ; or

4) 8000 to 16,000 1b. stable manure.

{ 1) 500 to 1000 lb. bone-meal ; or

Nitrogen N 4 40 to 80

Available phoo-
phono acid . 5 50 to 100

gl) 240 to 4801b, nitrate of soda ; or

2) 350 to 700 1b. dissolved bone, ete.; or
3) 400 to 800 Ib. dissolved rock.
{ 1R sl it
to . sulfate; or
Potash. . . .[ O 1000180| 1 (3) 700 to 1400 b, kainit: or
(4) 1800 to 3600 Ib. wood-ashes.
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Frax
P
P — m}:ﬁ"" Pounps or Dnrnu::n gdu'ux.u.s FOR ONE
(1) 60 to 120 Ib. nitrate of soda; or
. (2) 50 to 100 Ib. sulfate of ammonia or
Nitrogen . . .1 3 |10t020(3) 100 to 200 Ib. dried blood ; or
}g; 2502()00 to 538?8 ll'; stabl:sjllmnure
to one-m or
Available phos- 2) 175 to 350 lb. dissolved bo bo
phoricac?d . 8 25t0 50 | 1 @1 f,lw3;5 or Hasotv ne or bone
. %3) 200 to 400 1b. dissolved rock.
(g 60 to igg {B rnllenate or
60 to sulfate; or
Potash. 9 30 to 60 {(3) 250 to 500 1b. kainit’; or
(4) 600 to 1200 Ib. wood-ashes.
GOOSEBERRIES
Same as currants.
GRAPES
Par ;‘:"5:: Pounps or DIPFERENT MATERIALS yOR ONE
Canr Acre Acrx
21; 50 to ég({tl)b mftra.be ?f soda; or
. 2) 40 to ate o ammoma ;or
Nitrogen . 2 8t016 1 (3) 80 to 160 Ib. dried blood ; or
?1; éggo to Ggg(l)g llt;)stable manure.
. 1 to ne-m
A;ﬂﬁ‘:gymf‘}'* 8 |30t060 [(2) 200 ta 400 ib, dissolved bone, etc. ;
(3) 250 to 500 1b. dissolved rock.
g; % to igg{g mllenate; or
to sulfate; or
Potash. . 11 145t090 1 (3) 350 t0 700 Ib. kainit; or
(4) 900 to 1800 1b. wood-a.shes.
GRASs FOR PASTURES
PEs CanT '1::;"5:" PoUNDS oF DIFFERENT MATERIALS FOR ONB
Acre CRE
G el et o
s sulfate of ammonia ; or
Nitrogen . 2 |15%0301 (3) 150 to 300 Ib. dried blood ; or
(4) 3000 to 6000 Ib. stable manure.
Available phos- (1) 300 to 600 1b. bone-meal ; or
phoric acid 8 30t0 60 [{ (2) 200 to 400 1b. dissolved bone etc. ; or
(3) 250 to 500 1b. dissolved rock.
Ig; %to gg}lb; mtlx;-mte or
sulfate; or
Potash. 10 140t080 1 (3) 975 to 550 Ib, kainit : or
| (4) 800 to 1600 Ib. wood-ashes.
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GRass ForR Lawns

Nitrogen .

Available pbos-
phoric acid

Potash

1OmNT

Pounps
ror ONE

| 20 to 40
| 25 to 50

|30t 80

AcrE

PoUNnDS oF DPFERENT MATERIALS FOR ONE
GRE

(1) 120 to 240 1b. nitrate of soda ; or

(2) 100 to 200 1b. sulfate of ammonia ; or
(3) 200 to 400 Ib. dried blood ; or

(4) 4000 to 8000 1b. stable manure.

(1) 250 to 500 11, bone-meal ; or

(2) 175 to 350 1b. dissolved bone, etc. ; or
(3) 200 to 400 Ib. dissolved rock.

(1) 60 to 120 1b. muriate ; or

(2) 60 to 120 1b. sulfate; or

(3) 250 to 500 1b. kainit; or

(4) 600 to 1200 Ib. wood-ashes.

|

As a more specific mixture, we suggest the following: 100 1b. nitrate
of soda, 100 Ib. bone-meal, 100 1b. acid phosphate (dissolved rock)
and 100 Ib. muriate of potash an acre.

Grass FOR MEADOWS
Pxg CENT ,}:;;"8:: Pouxps or Dmmu:r MATERULS FOR ONE
Acre CRE
gg 2(5)00} {g mﬂ'ate o{ soda; or
s to sulfate of ammonia; or
Nitrogen . 4 15 t0 30 (3) 150 to 300 1b. dried blood ; or
. (4) 3000 to 6000 Ib. stable manure.
Available phoe- (1) 300 to 600 1b. bone-meal ; or
phoric acid 7 30t0 60 | { (2) 200 to 400 Ib. dissolved bone, etec. ; or
(3) 250 to 500 1b. dissolved rock.
0wl mt
to . sulfate; or
Potash. 9 [36%7014 (3) 275 t0 550 Ib. kainit; or
(4) 700 to 1400 1b. wood-ashes.
Hors
Per |Pounps yor| PoUNDS or DiFFERENT MATERIALS FOR ONE
CuNT | ONB AcRE AcCRE
g g 1(2)8 to g‘(i)g {g niti;ate o; soda; or
2 100 to . sulfate of ammonia ; or
Nitrogen . . .| 3| 20t040 {5 230 (0400 Ib. dried blood ; or
(4) 4000 to 8000 1b. stable manure.
Available phos- (1) 350 to 700 1b. bone-meal ; or
phoric acid 6 35t070 (1 (2) 250 to 500 Ib. dissolved bone, etc.; or
23) 275 to 550 Ib. dissolved rock.
I é; 38(()) to 2% llg mlu‘riate; or
to . sulfate ; or
Potash . 12 1100t0 2004 (3) 800 to 1600 Ib. kainit; or
| l (4) 2000 to 4000 1b. wood-ashes.
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Horse Rapisa
CP;:T 'l;:.:.,:" Pounos or Dm:::;' MATERIALS FOR
(3) 78 t0 1801b. suifate of asmmonia
. to . ate of ammonia; or
Nntrogen - | 4 |16t03014 3 150t0 300 Ib. dried blood; or
(4) 3000 to 6000 1b. stable manure,
Avaxlnble r.boo- (1) 250 to 500 1b. bone-meal ; or
phoric 6 25 t0 50 |{ (2) 175 to 350 Ib. dissolved bone, etc.; or
(3; 200 to 400 1b. dissolved rock.
@ melioh ne
. ate; or
Potash . . 9 (850707 (3) 275 to 550 Ib. kainit; or
(4) 700 to 1400 1b. wood-ashes.
LeTTUCE
Pxr %:E;F‘ Powunps or Dnér;m:;mu FOR
83 % to % Pl; nitl;_'ate o; soda; or
to . sulfate of ammonia ; or
Nitrogen . 5 |40t080 4 (3) 400 to 800 Ib. dried blood; or
(4) 8000 to 16,000 Ib. stable manure.
Available pho- (1) 500 to 1000 1b. bone-meal ; or
phoric acid 6 50 to 100{{ (2) 350 to 700 Ib. dissolved bone, ete. ; or
(3) 400 to 800 1b. dissolved rock.
(i sool s
to ate; or
Potash . . 9 [75t0150/1 (3) 600 to 1200 Ib, kainit’ or;
(4) 1500 to 3000 1b. wood-ashes.
MnLer MUBKMELONS
Same as for meadow grass. Same as for cucumbers.
NursErY STOCK
]’l
C}":;r m,::‘:??' Pounps oF D%r;nuraghmu ror
[ gg % to 120 }ll: nitle-att: o£ soda; or
: tol sulfate of ammonia; or
Nitrogen . 3 (106020 |1 (3 000 200 - dried blood: or
(4) 2000 to 4000 Ib. stable manure.
Available phos- (1) 250 to 500 1b. bone-meal ; or
phoric aad . 6 25t0 50 [{ (2) 175 to 350 1b. dissolved bone, ete. ; or
(3) 200 to 400 Ib. dissolved rock.
(2) 80 40 120 1b: sulfate: or-
tol . sulfate; or
Potash . . .| 7 [30t060 1 (3) 940¢04801b, kainit: or
L (4) 600 to 1200 Ib. wood-ashes.
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OaTs

g¥

Pounps
ror ON
Acra

Pounps or DirFERENT MATERIALS FOR
i ONE Acre

Nitrogen . . .

Available phos-
phoric aad

Potash. . .

12t0 24

20 to 40

30 to 60

5 to 150 Ib. nitrate of soda ; or
to 120 lb. sulfate of ammonia; or
to 240 1b. dried blood ; or
to 5000 lb. stable manure.
to 400 lb. bone-meal ; or
to 280 1b. dissolved bone, ete. ; or
to 20 1b. dissolved rock.
lb muriate; or
20 1b. sulfate; or
500 1b. kalmt or
to 1200 1b. wood-ash

()75
2) 60
3) 120
4 2500 to
1 200
52) 140
3) 160
?) 60 to
2) 60
(3) 250

(4) 600

ONIONS

Per

Pounps

ror ONm

Acre

PoUNDS Oor DIFFERENT MATERIALS FOR
ONE ACRB

Nitrogen . .

Available phos-
phoric aand

Potash . . .

45 to 90

55 to 110

80 to 160

(1) 270 to 540 1b. nitrate of soda ; or

(2) 226 to 501b sulfate of ammonia ; or

(3) 450 to 900 1b. dried blood ; or

(4) 9000 to 18,000 lb. stable manure.

(1) 650 to 1100 Ib. bone-meal ; or

2) 385 to 77 1b. dissolved bone. ete.; or
900 1b. dissolved roc!
20 1b. muriate ; or

(2) 160 to 320 1b. sulfate; or

53) 650 to 1300 1b. kmmt or

4) 1600 to 3200 1b. wood-ashes.

PARsNIPS

Par

FOR
Acra

Pouxps

Pouxps or DIFFERENT MATERIALS FOR
ONE AcrE

Nitrogen . . .

Available phos-
phoric acid .

Potash . . .

55 to 11

20 to 40

50 to 100

(2) 100 to 2001b. sulfate of ammonia ; or
(3) 200 to 400 1b. dried blood ; or
(4) 4000 to 8000 lb. stable manure.

{ (1) 550 to 1100 Ib. bone-meal ; or

{ (1) 120 to 240 1b. nitrate of soda ; or

0 1 (2) 375 to 750 lb. dissolved bone, ete.; or
(3) 450 to 900:1b. dissolved rock.
(1) 100 to 200 lb. muriate; or
(2) 100 to 200 Ib. sulfate; or
(3) 400 to 800 1b. kainit; or
(4) 1000 to 2000 lb. wood-ashes.
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PEACHES

Pounps
Pxr Pounps or DiFrERENT MATERIALS FOR
CexT ”A"cg:' ONE Acre

. (2)
Nitrogen . . . 2 15 to 30 {(3)

Available phos-
phoric acid . 5 40 to 80 | { (2) 280 to 560 1b. dissolvgd bone, ete. ; or

(4 110020 1o muriste; ox
to . sulfate; or
Potash . . .| 7 |55t0110 | 45010000 . kainit;, oF
(4) 1100 to 2200 lb. wood-ashes.

Prags
Same as for apples.
Pras
Same as for beans.
PLuns
Same as for cherries.

PoTtaToES
Pounps
Pxr PoUNDS OF DIPFERENT MATERIALS FOR
Cenr “3:02:‘ ONE AcRE

(2) 150 to 300 1b. sulfate of ammonia; or

{ (1) 180 to 360 Ib. nitrate of soda; or
(3) 300 to 600lh dried blood

Nitrogen . . . 4 30 to 60
Available phos-
phoric acid . 6 40 to 80

Potash . . . 9 65 to 130
(3) 520 to 1040 b. kainit.

PUMPKINS
Same as for cucumbers.
QuUINCES

Same as for apples.
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RaADIsHES

Per
CENT

Pouxps
ror ONE
Acre

PoUNDS oF DIFFERENT MATERIALS FOR
NB ACRE

Nitrogen .

Available phos-
phoric acid .

Potash .

15t0 30

35t070

45 to 90

g

80 1b. nitrate of soda; or

50 Ib. sulfate of ammonia; or
300 1b. dried blood ; or

to 6000 lb. stable manure.

to 700 1b. bone-meal ; or

to 500 lb. dissolved bone, ete.; or
280 to 560 L. dissolved rock.

90 to 180 Ib. muriate ;. or

90 to 180 1b. sulfate ; or

to 700 Ib. kainit ; or

(4) 900 to 1800 Ib. wood-ashes.

SLCBREEREE
D 09 60 bt =3
g2ZES

388

g

RASPBERRIES

Per
CxNT

Pounps
YorR ONE
Acrp

PoUNDS or DIFFERENT MATERIALS FOR
NE ACRE

Nitrogen . .

Available phos-
phoric acid .

Potash . . .

12to 24

40 to 80

60 to 120 [

(1) 75 to 150 1b. nitrate of soda ; or
to 120 lb. sulfate of ammonia ; or

(3) 120 to 240 1b. dried blood ; or
(4) 2400 to 4800 Ib. stable manure.
800 1b. bone-meal ; or

60 1b. dissolved bone, ete.; or
640 1b. dissolved rock.
240 1b. muriate ; or
240 1b. sulfate; or
960 1b. kainit ; or
(4) 1200 to 2400 lb. wood-ashes.

Same as for oats.

I SoRGHUM
Same as for corn.

SPINACH

Prr
Cent

Pounps
FOR
AcCRre

Pounps or DIFFERENT MATERIALS FOR
B ACRE

Nitrogen . .

Available phos-
phoric acid .

Potash

15t0 30

55 to 110

40 to 80

—————

N NN